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DESIGN OF MICROSTRIP COMPONENTS BY COMPUTER 

by  Terry C. Cisco 
::CA.ED CORPORATION 

SECTION I 

INTRODUCTION 

This s tudy   presents  a number of  computer  programs  used i n  the 
synthes is   o f  microwave  components w i th  micros t r ip   eeometr ies .  
The programs  accept  component  design  requirements  in terms of 
ord inary   engineer ing  data and ,   in   re turn ,  compute the parameters 
need'ed t o  synthes ize  the component, e i ther  i n  terms of a c t u a l  
physical  d imens ions   o r   i n  terms of parameters, which can be re- 
duced to   Dhysical   d imensions  through the u s e   o f   o t h e r   a n a l y s i s  
or   synthesis   programs.  

T h i s  s tudy   i nc ludes   des igns   fo r   coup le r s ,  f i l t e r s ,  c i r c u l a t o r s ,  
t ransformers ,  power sp l i t t e rs ,  diode switches, mul t ip l i e r s ,   d iode  
phase s h i f t e r s  and  a t tenuators .   Addi t ional   programs are included 
t o   a n a l y z e  and optimize  cascades  of lumped elements and transmis- 
s ion   l i ne   e l emen t s ,   t o   ana lyze  and synthes ize  Chebyshev  and 
Butterworth f j . l t e r  prototypes,  and t o  compute  mixer  intermodula- 
t ion products  . 
The nrograms are a l l  w r i t t e n  i n  FORTRAN IV and the emphasis of 
the study i s  placed on the use of these programs as opposed t o  
t h e i r  t heo re t i ca l   founda t ions ,  which are thoroughly  discussed 
el.sewhere i n  the l i t e r a t u r e .  

T h i s  r e p o r t  i s  a iv ided  i n t o  fou r  main sec t ions ,   p lus  an int roduc-  
t.ion;a b i b l i o g r a p h y ,  and an  appendix. It begins  the main t e x t  
with Sect ion  11, which deals with the fundamental   propert ies  and 
syrrthesls of mic ros t r ip   t r ansmiss ion   l i nes ,  both f o r  the case  of 
a single m l c r o s t r i p   l i n e  and fo r   coup led   pa i r s   o f   l i nes .  

Trarlsmi.ss:!on l i n e  theory has been   ex tens ive ly   s tud ied   for  a number 
of ycars, and as a r e s u l t  a large number of  microwave  devices  have 
been created t o  take advantage  of the unique   d i s t r ibu ted   proper -  
t i e s  that  t r a n s m i s s i o n   l i n e s   e x h i b i t .  The economy, convenience, 
and s i z e  of m i c r o s t r i p   l i n e s ,   i n   r e l a t i o n   t o  microwave in t eg ra t ed  
c i r c u i t s ,   h a v e   v i r t u a l l y  demanded the use of microstrip l i n e s   i n  
devices  based on t r ansmiss ion   l i ne   p rope r t i e s .   Sec t ion  I11 deals 
w i t h  t h e  r e a l i z a t i o n   o f  these mic ros t r ip  components. 

Section IV deals wi th  des ign  a i d s  whlch are p e r i p h e r a l   t o  any  one 
component., b u t  are gene ra l ly  u s e f u l   t o  e i ther  a wide   var ie ty  of 
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components o r   t o  the s o l u t i o n  O f  i n t e r f a c e  problems between com- 
ponents .   In  t h i s  ins tance , '  the aids are programs designed to 
compute f i l ter  pro to types  and in tennodula t lon   products   and   to  
analyze and optimize  cascaded networks of shunt and serles 
t r ansmiss ion   l i nes ,  lumped elements and diodes.  

Sec t ion  V, the f i n a l   s e c t i o n  of this r e p o r t ,  i s  designed t o  
i n t e g r a t e   t h e   c o n c e p t s  of t h e  f i r s t  t h r e e   s e c t i o n s   i n t o  a whole, 
through the use of an  example. A m i c r o s t r l p   f r e q u e n c y   t r i p l e r  
is designed by s p l i t t i n g  the t o t a l   r e q u i r e m e n t   i n t o  smaller de- 
sign requirements  amenable t o   s o l u t i o n   v i a  the techniques of the 
f i r s t  three s e c t i o n s .  These smaller desim e f f o r t s  are then 
In t eg ra t ed   t oge the r  to form the d e s i r e d  i l lustrat ive m u l t i p l i e r  
component design.  

Fifteen  computer  programs are in te rspersed   th roughout  this  r e p o r t .  
For   cons is tency ' s  sake, the same discuss ion   format  has been  used 
fo r   each  program. The programs have several commonalities  worth 
n o t i n g .   F i r s t ,  a l l  are w r i t t e n  i n  FORTRAN IV and are l i b e r a l l y  
spr inkled  with comment cards  and e r r o r  tests.  A l l  but three of 
the programs (Cll5, Cl32 and C294) need  only  one data card t o  
supply a complete set  of i n p u t  data f o r  one design execut ion;  
and a l l  d a t a   i n p u t s   a r e   i n  real number formats   (usua l ly  9F8.2), 
i n   o r d e r   t o  ease data decimal  alignment  problems by taking  advan- 
tage  of the f loa t ing   po in t   i npu t   f ea tu re ,   wh ich   p rov ides  that an 
exp l i c i t   dec ima l   po in t   ove r r ides   t he   imp l i c i t   dec ima l   po in t  
alignment  requirement.  

A l l  of the  programs are designed  to   cont inuously loop back t o  
t h e i r   i n p u t   s e c t i o n s  a f te r  completing a given task In   o rde r  to 
begin  another  design.  Program  termination w i l l ,  t h e r e f o r e ,  
occur   au tomat ica l ly  on running  out  of data . '  I n  some computer 
systems this will a u t o m a t i c a l l y   i n i t i a t e  an undes i r ab le   co re  
dump, which must e i the r   be   abo r t ed  by a job c o n t r o l   c a r d  o r  by 
a program  change to recognize the las t  card ( l i k e  a t e s t  for a 
z e r o   d i e l e c t r i c   c o n s t a n t ) .  

F i n a l l y ,  t h e  input /output  commands of all the   programs  reference 
a v a r i a b l e  name as opposed t o  a l i teral  l o g i c a l  1/0 u n i t  number. 
This al lows the u s e r   t o   c h a n g e   l o g i c a l  1/0 u n i t  numbers by 
changing  one o r  two assignment  statement cards a t  the beginning 
of the program, rather than  having t o  add job   con t ro l  cards or 
t o  change  every 1/0 s ta tement   card .  The majori ty   of  the pro- 
grams use  the variables ICARD and IPRINT (except  c261 and ~267) 
t o   d e f i n e  the log ica l   i npu t   and   ou tpu t  unit numbers. 
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SECTION TI 

MICHOSTRIP 

A R i c r o s t r i n  t r ansmiss ion   l i ne   cons i s t s  of a narrow s t r i p  
c,onciuct;or separa ted  from a paral . le1  conducting ground plane 
by an in te rvening   and   suppor t ing   d ie lec t r ic   mater ia l  
(P'i.mre 1). T h i s  form of waveguide has a quasi-TEM mode of 
p lbopamt ion  w i t h  a fringing f i e l d  bound t o   t h e  main  propa- 
m 1 ; i T . P  f i e l d s ,  b u t  extending some distance above  the a i r -  
d i e l e c t r i c   i n t e r f a c e .   E a r l y   i n v e s t i g a t i o n s   i n t o   t h e   p r o p e r -  
ties of microstrip l i n e s  (as e a r l y  as 1952)  gene ra l ly  d i d  
n o t  sti.mulate  widespread  acceptance of the   technique,   due 
t o  t h e  ease w i t h  which l i n e   d i s c o n t i n u i t i e s   c o u l d   e x c i t e  
radiation and unwanted modes. 

F igure  1 - Micros t r ip  

Hecent years have   seen   the   rap id   r i se   in   impor tance  of t he  
miniature microwave i n t e g r a t e d   c i r c u i t s ,  which a r e   u s u a l l y  
p l a n a r  i n  s t r u c t u r e .  The p lanar   na ture  of m i c r o s t r i p  lines 
immediately caused  renewed a t t e n t i o n   t o   t h e   m i c r o s t r i p  
technique.  Moreover,  the  use of high d i e l e c t r i c   s t r e n g t h  
s u b s t r a t e   m a t e r i a l s   t e n d s   t o   s h r i n k   t h e   o v e r a l l   c i r c u i t  size 
as well  as tending t o  bind t h e  f r i n g i n g   f i e l d s  more t i g h t l y  
t o  t h e  center   conductor .   These facts, p lus   the   advantages  
of convenience  and  low  batch  fabr icat ion  costs ,   have  tended 
t o  l e s s e n  t h e  previous  object ions and have f i n a l l y   a l l o w e d  
m i c r o s t r i p  t o  achieve a pos i t i on  of widespread  appl icat ion.  

For des ign purposes ,   the   micros t r ip   l ine   mus t  be charac te r ized  

I 
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i n  u s e f u l  terms and parameters.  H. A .  Wheeler, i n  1965, 
was able t o  achieve simple approximate  solut ions t h r o u g h  
t h e  use o f  conformal  mapping  techniques for   the   dominant  
mode c h a r a d t e r i s t i c  impedance ,   and   e f fec t ive   d ie lec t r ic  
cons tan ts  f o r  a s i n g l e   s t r i p   m i c r o s t r i p   l i n e .  H i s  a n a l y s i s  
was based on the  assumptions t h a t  the mode of  propagation 
was TEM and t h a t  t h e  s t r i p  conductor was n e g l i g i b l y   t h i n .  

Shor t ly   a f te r   Wheeler ' s   work ,  numerous au thors ,   inc luding  
S. B. Cohn, genera ted   var ious   equat ions  and a lgo r i thms   fo r  
t h e  so lu t ion   o f   t he   s ing le   s t r i p   p rob lem  based  on  Wheeler's 
technique  and  extending  the  range of va l id i ty ,   accu racy   and  
s i m p l i c i t y   o f   t h e   r e s u l t s .  

In  1968 t h r e e  new papers   appeared  to   extend these r e s u l t s  
and to   i nc lude   a t t enua t ion   cons t an t   cha rac t e r i za t ions  and 
r a d i a t i o n   e f f e c t s .   I n  a d e t a i l e d   r e p o r t ,   P u c e l ,  Masse and 
Hartwig  gave  detai led  expressions  for   conduct ive and mixed 
d i e l e c t r i c   l o s s e s   i n   m i c r o s t r i p .   N e x t ,  E. J. Denlinger 
published a l e t t e r  showing  the  dependence of  unwanted 
r ad ia t ed  power on s u b s t r a t e   t h i c k n e s s  wi th  r e s p e c t  t o  wave- 
length  (h/& and on t h e   e f f e c t i v e   s u b s t r a t e   d i e l e c t r i c  con- 
s t a n t  ( € ' )  f o r  the  case -of an   open   c i r cu i t   l i ne .  

F ina l ly ,   t he  t h i r d  paper  published was by T. G. Bryant  and 
J. A .  Weiss on the   charac te r iza t ion   of   bo th   s ing le   micro-  
str ip and  coupled pairs of m i c r o s t r i p   l i n e s .  T h i s  a r t i c l e  
has s ince  become,  by genera l   acceptance ,   the   mos t   def in i t ive  
work on t h e   s u b j e c t  of  the   charac te r i s t ic   impedances  and 
e f f e c t i v e   d i e l e c t r i c   c o n s t a n t s  of m i c r o s t r i p   l i n e s .  Many 
a r t i c l e s  have s ince  appeared  demonstrat ing numerous ways t o  
compute these  parameters ,   but   they,   usual ly   reference  the 
r e s u l t s  of  Bryant and Weiss and  attempt t o  f i n d  a simpler 
way o f  achieving .them. 

2 .O BRYANT AND .WEISS 

The approach taken by Bryant  and  Weiss.derived  an  expression 
f o r  t h e  p o t e n t i a l  a t  any  point  on t h e   d i e l e c t r i c   i n t e r f a c e  
due  t o  a s ingle   uniformly  charged l i ne  p a r a l l e l   t o  t h e  ground 
plane  and a t  the interface  height .   This   point   source  problem 
was solved  through  the  use 0% 8 unique  and  special  
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"d ie lec t r ic   Green ' s   func t ion"  which expresses the  discon-  
t i n u i t v  of t h e  f i e l d s  a t  t h e  d i e l e c t r i c  in t e r f ace .  

Havinfr the p o t e n t i a l   f u n c t i o n  it is an  easy job t o  numer- 
i c a l l y  so lve  f o r  t h e  charge on the conductors by s l i c i n g  
t h r ?  strips i n to   na r row  subs t r ip s  w i t h i n  which  charge d i s -  
t r i b u t i o n  may be  assumed t o  be cons tan t  and  lumped. The 
paben t i a l  on any s t r i p  can  then be ca l cu la t ed  by the  
s u p e r p o s i t i o n  of t h e  po ten t i a l s   due  t o  a l l  the o t h e r   s t r i p s  . ,  

o r  

wi.,c.re is the p o t e n t i a l  a t  the  ith strip due t o  a u n i t  
charge';$ the j t h  s t r i p  and n is  the  number of s u b s t r i p s .  
Since the  n o t e n t i a l  of  the   en t i re   conductor  is cons tan t ,  
a l l  s u b s t r i p s  have the  same p o t e n t i a l   ( s a y  1 v o l t )  and t h e  
above s e t  of  equations  can be i n v e r t e d   t o   s o l v e   f o r   t h e   s e t  
of  charges  qj. Hence, t h e  t o t a l  charge on the  conductor is 
determined . 

n 
Q = = C q j  

j=1 

'rhe arbitrary value of  one v o l t  for t h e   s t r i p   c o n d u c t o r  
s i m n l i f i e s  t n e  c a p a c i t y   r e l a t i o n s h i p   t o  where the   capac i ty  
o f  t;he m i c r o s t r i p  l i n e  is s imply   the   to ta l   charge   va lue  
j u s t  c a l c u l a t e d .  Under the  assumption of TEM mode of prop- 
agation, t h e  c h a r a c t e r i s t i c  impedance can be ca lcu la t ed  
from the fol lowing wel l  known equation8 

where  2, is t h e  c h a r a c t e r i s t i c  impedance  and v is t h e  prop- 
ap;at ion  veioci ty .  

T h e  mixed dielectric in te r face   can   be   equated   to  an  equiva- 
l e n t  r e l a t i v e   d i e l e c t r i c   c o n s t a n t  K ,  which in   t u rn   can  be 
used t o   c a l c u l a t e   t h e   p r o p a g a t i o n   v e l o c i t y r  



K 2  = C/Co vo/K 

where Co is t h e  capacity  assuming  no d i e l ec t r i c s  a r e   p r e s e n t  
and vs' is t h e  speed of l i g h t .  CO is easily obtained by 
r epea t ing  t h e  e n t i r e   a n a l y s i s  w i t h  t h e   d i e l e c t r i c  assumed t o  
be t h a t  of f r ee  space,   hence 

Coupled m i c r o s t r i p   l i n e s  are analyzed by t h e  same technique 
a p p l i e d  t o  the  even  and odd modes of t h e  coupled   l ines .  
The odd mode is defined by equal and oppos i te   vo l tages  on 
t h e  pair of l i nes ,  whi le  t h e  even mode assumes equal  
vo l t ages  . 
I t  is c l e a r  from the  preceding remarks that  t h e  accu ra t e  
a n a l y s i s  of m i c r o s t r i p   l i n e s   a n d ,  i n  pa r t i cu la r ,   coup led  
m i c r o s t r i p  l i n e s  is  an   e l abora t e  and ted ious  t a s k  and it is 
n o t   s u r p r i s i n g ,   t h e r e f o r e ,  t h a t  computers are called upon 
t o  perform t h i s  s o r t  of work. The fol lowing two programs, 
C267 and (227'0, analyze and s y n t h e s i z e   m i c r o s t r i p   l i n e s .  
C267 incorpora tes   every   fea ture  of  previously  discussed 
coupled strip analysis   because it is merely a s l i g h t l y  
modified  version of t h e  program of Bryant and Weiss. C270 
is a s i n g l e  s t r i p  synthesis  program by S. B. Cohn and is 
i l l u s t r a t i v e  as a r ep resen ta t ive  of the Wheeler school  of 
s ing le  s t r i p  a n a l y s i s  . 



PU H POSE : The program  computes t h e  following  parameters 
f o r  e i t h e r  t h e  even mode o r  odd mode of a coupled 
pair of m i c r o s t r i p   I . i n e s ,   o r  a s i n g l e   m i c r o s t r i p   l i n e  
f o r  a range of normalized strip conductor widths 
(normalized w i t h  r e s p e c t   t o  the s u b s t r a t e  h e i g h t ) :  
c a p a c i t a n c e ,   c h a r a c t e r i s t i c  impedance,  phase 
ve loc i ty ,   and   e f f ec t ive  d i e l ec t r i c  cons tan t .  

STRUCTURE: (Normalized) 

Single Strip Coupled S t r i p s  

INPUT: (Format 7F8.3) 

V A R I A R L P ;  CARL) 
NAME - COLUMNS UNITS 

DIE< 1-8 

A N W l  9-16 

DN W 25-32 

- OESCR IPTION 

R e l a t i v e   d i e l e c t r i c   c o n s t a n t  o f  the  

Number of s u b s t r i p s   i n   t h e   i n i t i a l  
s u b s t r a t e  material. 

normalized w i d t h  v a l u e   t o  be 
analyzed. 

normalized w i d t h  v a l u e   t o  be 
analyzed. 

Number of s u b s t r i p s  w i t h  which t o  
increment t h e  normalized w i d t h  
values  from t h e  i n i t i a l   v a l u e   t o  t h e  
f i n a l   v a l u e .  

Number of s u b s t r i p s   i n   t h e   f i n a l  
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C267 Continued 

NAME COLUMNS UNITS 

A I8 33-40 

A IS 

STEP 

41-48 

49-56 

DESCRIPTION 

AIRTl.0 means;'the a n a l y s i s  is t o  be 

AIR=O.O f o r  single s t r i p   a n a l y s i s ,  

AIR'1.0 for c o u p l e d   s t r i p s  i n  t h e  

Number of s u b s t r i p  w i d t h s  i n  the  
d i s t ance   s epa ra t ing  the  coupled 
s t r i p s .  

S u b s t r i p  width - a l l  dimensions are 
expressed as in t ege r   mu l t ip l e s  of  
t h i s  fundamental   uni t ,  The a n a l y s i s  
assumes t h a t  t h i s  width is s u f f i -  
c i e n t l y  small i n   r e l a t i o n   t o   a n y  of 
the   o the r   d imens ions   t o   e f f ec t ive ly  
l o c a t e   c h a r g e   i n  t h e  s u b s t r i p  a t  t h e  
c e n t e r  of t h e  s u b s t r i p   i n   q u e s t i o n .  

for c o u p l e d   s t r i p s   i n  t h e  
even mode , 
and 

odd m,ode. 

OUTPUT : 

1. Repet i t ion  of  input  data. 

2 .  A t r a c e   v a r i a b l e  I C 0  takes on the  va lues  1 , 3 ,  and 4 and 
d i s p l a y s  these va lues  as t h e  program progresses   through  to  
completion. I t  is used  to  measure the  cur ren t   p rogress  of 
the  p;-ogram in   t he   even t  of a very   long   computa t ion ,   o r   in  
the  e'rent  of  an  unexpected  termination. 

3 ,  A tab:Le of c a p a c i t y ,   e f f e c t i v e   d i e l e c t r i c   c o n s t a n t ,   c h a r a c -  
t e r i s t i c  impedances ,   p ropagat ion   ve loc i t ies ,   and   e f fec t ive  
wavelength  ra t ios   versus  a range  of  normalized w i d t h  values.  

LINITATIONS: Values  of ANWl l ess  than 8 w i l l  r e s u l t  i n   s o l u t i o n s  
w i t h  g r e a t e r   t h a n  one p e r   c e n t   e r r o r ,  due t o  an 
i n s u f f i c i e n t  number of s u b s t r i p s   o v e r  which t o  
approximate   the   charge   d i s t r ibu t ion .   S imi la r ly  low 
va lues  of AIS w i l l  r esu l t   in   reduced   ac ,curacy ,  
e s p e c i a l l y  when the va lues  of ANWl are low a t  the 
same time 

The computer  program h a s  dimension  statements which 
limit the  upper   values  which can be u s e d   f o r  t h e  
variables ANWl, ANW2, DNW, and AIS. L e t  d be t h e  
dimension of t h e ' v a r i a b l e  B and l e t  NSTEP be t h e  
program v a r i a b l e  NSTEP, then t h e  dimension of PHI 
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C267 Cont inued  

L I M ~ ' I ' A ' ~ I ' 0 i ~ : i :  i s  PHT(2,NSTEP) and t .he dimensions of SUMP?, A ,  :lnd 
(cont,inlled! H are S U M P F ( Z , d ) ,  A(d*d) ,  and B ( d ) .  With this 

unders tanding:  
d must  be greater t h a n  maximum (ANWl,ANW2,UNW) 
NSTEP = 401 and must be greater tha.n 2*d+AIS 

C2h7 UFPS Routines S ? 3 ,  s266,  S265 and S264 

R e f e r e n c e s  : Bryant, , T .G . , and Weiss, J.A . , " P a r a m e t e r s  of  
M i c r o s t r i p  Transmission Lines and Coupled Pairs of 
M i c r o s t r i p  L i n e s ,  " IEEE Trans. on Microwave  Theory 
a n d  T e c h n i q u e s ,  Vol. MTT-16, No. 12, pp. 1021-1027, 
l)ecember 1968 . 



SAMPLE PROGRAM I c267 Continued 

resul ts  

... I... 

PARAMETERS OF MICROSTRIP 

K = 10.00 -- COUPLED S T R I P S J  EVEN MODE -- S/H sn -200 

W /H C K-EFF 20 v L < K - E F F ) / L C K )  
PF/M OHMS E+08 M/ SEC 

. 100 55.073 6.271 5 151  0679 1 1971 
200 66 -936  6.1301 186 364 1.182 . 300 77.271 4 . 5 6 2 1  110.582 1.1703 
400 87.020 6 6802 99.073 1 . 1599 
500 96.483 6.7RR6 90 0 0 7 8  1.1506 

1.2627 
1.2471 
1.2345 
1.2835 
1.21 37 

WHERF L<K-EFF)/LCK) I S  THE RATIO OF EFFECTIVE  MICROSTRIP WAVELFNGTH 
' I O  A TEM WAVELENGTH I N  P U R E  DIFLECTRI C MFDIUM OF PI ELECTRI C CONSTANT 
K. 
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4.0 Pt(0GHAM C270 - SINGLE STRIP SYNTHESIS 

PUR POSE : The program  computes t a b l e s  of mic roa t r ip  s t r i p  
w i d t h s  and e f f e c t i v e   r e l a t i v e   d i e l e c t r i c  con- 
s t a n t s  f o r  a range of c h a r a c t e r i s t i c  impedances. 

~;TliI!C'FIlF?E: 

TNPIJT: I Format  9F8.2) 

V A H T A R L E  CAR11 
NAME COLUI\IPiS UNITS "- DESCRIPTION 

2.0 1 1-8 OHMS I n i t i a l   c h a r a c t e r i s t i c  impedance o f  

Z O i :  9-16 OHIYS F i n a l   c h a r a c t e r i s t i c  impedance. 

the  range of impedances t o  be 
synthesized. 

UET,'rAZ 17-24 OHMS Incremental  impedance  for the r a m e  . 
h 25-32 Inches Substrate   th , ickness .  
DTEK 33-40 Rela t ive   d i e l ec t r i c   cons t an t  of tjle 

s u b s t r a t e  material. 

1. A t a b l e  o f  s t r i p  w i d t h s  and e f f e c t i v e   r e l a t i v e   d i e l e c t r i c  
c o n s t a n t s  f o r  the  various  impedances  in  the  range  desired.  

Pi1 TS~E:L18ANEOIlS: 

Hefprenrps: Cohn, S.R., private  communication, and Wheeler, H.A., 
"Transmission-Line Prope r t i e s  of P m a l  l e 1  Strips 
Separated hy a Die l ec t r i c   Shee t , "  TEEE Trans. on 
Microwave  Theory  and  Techniques, Vox. FTT-13, No. 3 ,  
pp. 172-185, March 1965. 



C270 Continued 

results  
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SECTION I11 

M ICR OSTR I P  ' COMPONENTS 

1.0 INTRODUCTION 

A wide v a r i e t y  of  microwave devices and  components  incorpo- 
r a t e  t he  un ique   d i s t r ibu ted   p rope r t i e s  of t ransmission 
l i n e s   i n t o  their  designs, and a great many of these   des igns  
a r e   a p p l i c a b l e   t o  the p lanar   t echnology  of   microa t r ip   l ines .  
T h i s  p l aces   t he  microwave i n t e g r a t e d   c i r c u i t  designer i n   t h e  
unique   pos i t ion  of having a wide menu of well thought o u t  
and  proven  design  techniques  and  structures a* h i6  disposal .  

Unfor tuna te ly ,   the   des igner  w i l l  probably  not  have much time 
t o  enjoy h i s  unique  posi t ion,   s ince  he w i l l  a lso  have a new 
and d i f f e r e n t   s e t  of p i t f a l l s  and problems t o  cope w i t h  i n  
t h i s  new technology. The a t ta inable   un loaded  Q ' s  of  micro- 
s t r ip  s t ruc tures   t end   to   be   lower   than   those  of equiva len t  
s t r i p l i n e   s t r u c t u r e s .  The s u b s t r a t e  material must be low- 
l o s s  w i t h  a h i g h  d i e l e c t r i c   c o n s t a n t  which is homogeneous, 
and' t h e  sur facd  must be f r e e  from p i t s .  Tight couplinp is 
d i f f i c u l t   t o  achkeve  in   microstr ip  as is multicomponent 
c i r c u i t   i s o i a t i o n   a n d - t h e   e v e n   a n d  odd mode propagation 
ve loc i t j . e s   can   d i f f e r   s ign i f i can t ly .   Neve r the l e s s ,  close 
a t t e n t i o n  t o  t h e  choice of materials and processing  tech-  
niques  and good des ign   p rac t i ce  can overcome these   d i sad-  
van tages   fo r  a v a r i e t y  of components. 

Most microwave  components,  based  on  transmission  line 
s t r u c t u r e s ,   c a n  be sepa ra t ed   i n to  two c l a s ses ;   t hose   t ha t  
u s e  t h e  p r o p e r t i e s  of  coupled  pairs of t r a n s m i s s i o n   l i n e s  
and t h o s e   t h a t  u s e  s ing le   i n t e rconnec ted   t r ansmiss ion   l i nes .  
The component design  programs  which fo l low w i l l  be  organized 
i n  t h i s  f a sh ion  w i t h  t h e   s i n g l e   s t r i p   d e v i c e s   b e i n g  pre- 
sented first 

2,0 SINGLE STRIP COMPONENTS 

F i l t e r   n e t w o r k s   a r e  among the  most  widely  used  microstrip 
appl icat ions  and  the  fol lowing  pages  descr ibe  three  s ingle  
strip f i l t e r  designs t o  accomplish  low pass, high pass ,  and 
band r e j e c t   f i l t e r s .  
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2.1 PROGRAM C261 - LOW PASS FILTER 

PURPOSE : The program  computes  normalized  element  values  and 
physical  dimensions  of a lumped equiva len t  low 
pass f i l t e r  us ing   a l t e rna t ing   h igh  and low imped- 
ance  cascade of t ransmiss ion   l ines .  

STRUCTURE : 

I 

INPUT: ( F o r m a t  10F7.1) 

VAH I A H L F ;  
NAME 

20 
Z O H I G H  
ZOLOW 
E PS 

H 
B A N D  
R 1 PPLE 

SECTN 

CAR JJ 
COLUMNS 

1-7 

15-21 

" 

8-14. 

22-28 

29-35 
36-42 
4 3 -49 

50 - 56 

P 
UNITS 

OHMS 
OHMS 
OHMS 

Inches 
GHZ 
DU 

-" - "" ,- 

L3 L4 Lg L6 L7 L8 

DESCR IPTlON 

Input and output  impedance l e v e l .  
High impedance s e c t i o n  l e v e l .  
Low impedance s e c t i o n   l e v e l .  
Rela t ive  d i e l ec t r i c  cons tan t  of the  

s u b s t r a t e  material. 
Subs t ra te   th ickness .  
F i l te r   cu tof f   f requency .  
Chebyshev r ipple   magni tude,  o r  if 0 
a maximum f la tness   response  is 
des i red  . 

Number of sections o r  0 t o  i n d i c a t e  
t h a t  the  minimum number of s e c t i o n s  
t o   s a t i s f y  the a t tenuat ion   condi -  
t i o n s  below is t o  be found. 
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c261  Continued 

VAH IAHLE CARD 
NAME COLUMNS UNITS rlESCHIPTION 

FREQ . 57-63 GHZ Frequency a t  which a s p e c i f i e d  atten- 

ATTEN 64-70 Ill3 Spec i f i ed   a t t enua t ion   des i r ed .  
ua t ion  is des i red .  

OUTPUT : 

1. Repet i t ion  of input  data. 

2. The w i d t h  of   the   input   l ine .  

3. A t a b l e  of' normalized  element  values,   lengths,   widths  and 
impedances for each  sect ion of  t h e   f i l t e r   i n c l u d i n g   t h e  short 
impedance matching 0 and  N+lth  sections.  

METHOD: A l o w  p a s s   p r o t o t y p e   f i l t e r  is computed  and the  
element  reactances and susceptances a t  cu tof f  are 
r e a l i z e d  as shor t   l eng ths  of  high  and low  imped- 
ance  t ransmission  l ines .  The capac i t i ve   s ec t ions  
a re   fo re shor t ened   t o  compensate f o r  d i scon t inu i ty  
capaci tances  as wel l  as f o r  the  loading  capaci tances  
of  t h e   l i n e s  on e i t h e r  s ide  of the  sect ion.   Simi-  
larly the   induct ive  sect ions  are   foreshortened  due 
t o  the   induct ive   loading  of s e c t i o n s  on e i t h e r   s i d e  
o f  t he   s ec t ion .  

The computer  program  does not   use   the  small argument 
approximations  and  hence  solves a non-linear s e t  of 
equations  in  terms of t h e  actual   microstr ip   propaga-  
t i on   ve loc i t i e s ,   t he   cu to f f   f r equency  and the  element 
p ro to type   va lues   i n   o rde r   t o   a r r ive  a t  the   l eng ths  of 
each  sect ion.  

The high  and  low  impedance l i n e s   s t r i p  w i d t h s  are 
calculated as in   an   i npu t  impedance  matching  short 
l engths  of high  impedance l i n e .  

L1IV:ITAT'TONSt For f i l t e r s   i n  which  very low capac i tors   a re   needed ,  
i t  may t u r n   o u t  that t he   f r ing ing  f i e l d s  f o r  t h e  low 
impedance sect ions  exceed  the desired capaci ty .  In  
this event  the  design  cannot  converge t o  a s o l u t i o n ,  
and t h e   u s e r  m u s t  increase  t h e  impedance l eve l s  of 
the  low impedance sec t ions .   S imi l a r ly ,  a desiqn may 
r e q u i r e  a very  low  inductance;   therefore  t h e  deffign 
w i l l  f a i l ,  and t h e   u s e r  muet decrease  the  high im- 
pedance  value.  The rEb!oz*se is a l s o   t r u e .  A high 
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C261 Continued 

impedance that is t o o  low or a low impedance that 
is too high w i l l  make the l i n e  so long  that  length 
effects  will appear and make  the  design invalid. 

MISCELLANEOUS : 

C261 uses Routines  S 9 2 ,  s96, and S 2 5 9 .  

References: Matthaei, G.E., Young, G . E . ,  and Jones, E.M.Tmr 
Microwave  Filters, Impedance-Matching Networks, 
and Cou lin Structures,  McGraw-Hill, 1964, pp. 33-e 

- 27 - 
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c261 Conti:wed 

Sampl e Problem : 

A .  

da t,a 

50.0 150.0 10.0 9.0 0.05 1 .o 0 .  3.0 0 .  0 .  
r e m  1 ts 

MAX FLAT LOW PASS MICROSTRIP FILTER 
3DB BANDWIDTH OF 1.000 GHZ 

RELATIVE  DIELECTRIC OF 9.000 AND  HEIGHT OF 0050 INCHES 
INPUT  IMPEDANCE OF 50.00 OHMS AND WIDTH OF 00529 INCHES 

SECTION  NORMALIZED  LENGTH WIDTH IMPEDANCE 
NUMBER ELEMENT  INCHES  INCHES OHMS 

0 1 0000 00195 moo12 150.00 
1 I .oooo 2669 00012 150.00 
2 2 . 0000 02126 5263 10.00 
3 1 .oooo 2669 00012 ~ 5 0 . 0 0  
4 1 0000 00195 00012 150.00 
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C261 Continued 

data 
50-0 150-0 10-0 9 .6  0 - 0 5  1-0 0.1 0.0 2.0 13. 

resul t.s 

DESIGN  REQUIRES ODD NUMBER OF SECTIONSI 
SECTIONS  INCREASED  BY ONE TO 5 

CHEBYSHEV LOW PASS  MICROSTRIP FILTER 
BANDVI DTH OF 1 -000 GHZ AND 10 DB RIPPLE 

RELATIVE DIELECTAI C OF 9 -600 AND  HEIGHT OF e050 INCHES 
INPUT  IMPEDANCE OF 50-00 OHMS AND WIDTH OF -0498 INCHES 

SECTION  NORMALIZED LENGTH WIDTH IMPEDANCR 
NUMBER ELEMENT 1 NCHES  INCHES OHMS 

0 1 0000 -021 5 .OOlO 150-00 
1 1 1466 3048 -0010 150-00 
2 1-3712 1102 50 68 10.00 
3 1-9750 - 5 5 5 5  -0010 150.00 
4 $e3712 1102 5068 10.00 
5 1 1468 3048 -0010 150.00 
6 1 -0000 -021 5 -0010 150.00 

" I " 



2.2 PROGRAM C290 - LUMPED HIGHPASS FILTER 

PURPOSE: The program  computes the lumped capaci t ies  and 
shunt  inductances needed to realize a. highpass 
f i l t e r  and converts  the  inductances  into  equal 
length  shorted stubs. 

STRUCTURE: 
. . .1 . 

zo tw . "  I~~f- Ib  ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ " . u - ~ ~ " - - . - -  - _ _  -.." 0 z 

T - - - - - - - - - - 

INPUT: (Format 9F8.2) 

VARIABLE CARD 
NAME COLUMNS UNITS 

20 1-8 OHMS 
DIEK 9-16 
H 17-24 Inches 
WM I N  25-32 Inches 
FCUTOF 32-40 GHZ 
RIPPLE 41-48 DB 

SECTS 49-56 

FREQ 57-64 GE(Z 

ATTEN 64-72 DB 

DESCRIPTION 

Impedance Level 
Substrate  DPelectric  Constant 
Substrate  Thickness 
Minimum Microstrip Width Desired 
High Pass Cutoff  Frequency 
Chebyehev Ripple or if 0 M a x i m m  
Flat Design, 

Number of Sections o r  if 0 the 
Computer is Required t o  Find the 
Minimum Number of Sections t c  
Satisfy the  Following  Conditione, 

Frequency at  Which Attenuation i8 
Desired. 

Attenuation  Desired, 
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C29O Continued 

OUTPUT : 

1. Input data. 

2. Stub  length jn inches and i n  wavelengths. 

3 .  A t a b l e  containing:  

a. The normalized  prototype  element  values  ("gvalues").  
b, The lumped c a p a c i t o r  and  inductor  values.  
C .  The w i d t h s  r e q u i r e d   t o  r e a l i z e  the inductor  as shor ted  

strips of equal  3.ength. 

METHOD: A s e t  of low pass prototype  e lement   values  are 
computed and  transformed  into h i g h  pass  element 
va lues .  The inductances are searched f o r  t h e  
l a r g e s t   v a l u e  and t h i s  inductance is real ized us ing  
a s h o r t   l e n g t h  of   t ransmiss ion   l ine  of w i d t h  WM:rN. 
T h i s  length  then becomes t h e  l e n g t h   f o r  a l l  o t h e r  
lumped i n d u c t o r   r e a l i z a t i o n s  and the  impedance ( i . e .  
w i d t h )  of these l i n e s  are va r i ed   i n   o rde r   t o   obxa in  
t h e   d e s i r e d   l i n e   l e n g t h .  The common l i n e  is r e -  
qu i r ed   t o   p rov ide  for a common shor t ing   b lock  t o  
ground the inductors .  

LIMI'I'ATIONS: High pass f i l t e r s  made of t ransmission l i n e  elements 
w i l l  always  have a s t o p  band  somewhere i n  t h e  pass 
band of t h e   p r o t o t y p e   f i l t e r  due to   the   shunt   indue-  
t o r s  becoming 180 degrees long,  

MISCELLANEOUS : 

C290 uses Routines S262, S96, S9Z and S259  

References: Matthaei, Young and  Jones, Microwave F i l t e r s ,  
Impedance-Matching  Networks,  and  Coupling Structures, 
McGraw-Hill, 1964, pp. 4 2 1 4 1 6 .  

'. 
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C29O Continued 

Sample Problem: 

data 
50 ( j  9.0 0 . 1  - 0 1  1.0 0.J 6 . 0  0.0 0 . 0  

results  
L U M P E D   H I   G H P A S S  FILTER 

1 .OOO GHZ C U T d F F  F1iEfJUE;NCY 1 0  DR RIPPLE 
S O  .OOO aHNS I N P U T  I MPFIIjANCE 6 S E C T I O N S  

- 1 0 0   I N C H   T H I C K   S U E S T R A T E  9-00 D I E L E C T R I C  
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2. .j PHoCKhM c260 - MICHOSTRIP STOPBAND FILTER 

PURPOSE: The program computes the   s e r i e s  and shunt micro- 
s t r i p   q u a r t e r  wave transmission  l ine impedances 
to   r ea l i ze   an  optimum Bandstop F i l t e r ,  a$ well 
as the  width and length  dimensions needed 
physical  layout. 

STWCTURE: Ser ies  
Unit Element 

Open Stub 
ZSl zs2 

INPUT: (Format 938.2) 

VARIABLE 
NAME 

HEIGHT 
D IEK 
z o  
FCENTR 
FCUTOF 

RIPPLE 

SECT 

FATTEN 

ATTEN 

CARD 
COLUMNS 

1-8 
9-16 
17-24 
25-32 
33-40 

41-48 

49-56 

57-64 

65-72 

UNITS 

Inches 

OHMS 
GHZ 
GHZ 

DB 

GHZ 

DB 

-I L 1 

f o r  

DESCRIPTION 

Height o f  Dielectr ic   Substrate  
Dielectric  Constant of  Substrate 
Input Impedance Level 
Stopband  Center  Frequency 
Upper Band  Edge Cutoff  Frequency. 

Cutoff  Frequency must be Less 
Than the  Center Frequency. 

Chebyshev Ripple  Factor  in dB. 

Number of  Sections o r  Zero t o  
have Computer Calculate  Required 
Number of Sections, 

Frequency a t  which a Specified 
Minimum Attenuation is Needed. 

Attenuation  Required at Above 
Frequency - The Program Deter- 
mines the Hinumum  Number of 
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c260 Continued 

DESCH IPTION ( cont  ' d )  

Sec t iops   t o ' s a t i s fy   t hese   Requ i re -  
ments when the  Variable  SECT is 
Zero. 

OII'FPUT : 

1. ?he input data is repeated. 

2. The impedance,  length  and s t r i p  width o f ' e a c h   m i c r o s t r i p  
t ransmiss ion   l ine   s tub  is displayed. 

3 .  The impedance,  length  and s t r i p  width of  each series u n i t  
e l emen t   mic ros t r ip   t r ansmiss ion   l i ne   i s ' d i sp l ayed .  

M E'J'HOD : The procedure starts by mapping a low pass  Chebyshev 
response  into a bands top   f i l t e r   r e sponse   t h rough   t he  
use of t h e  Richards '  t ransform  var iab le  ( S  = j TAN 
(nf/2fo)) obta in ing  a polynomial   representat ion of  a 
squared magnitude  ref lect ion  coeff ic ient   polynomial .  
Next f i n d   t h e   r o o t s  of the  denominator  and t h e  l e f t  
hand poles  of t h e   r e f l e c t i o n   c o e f f i c i e n t .  Since t he  
numerator is a per fec t   square ,  form t h e   r e f l e c t i o n  
c o e f f i c i e n t  by t a k i n g   t h e   r a t i o  of the  numerator 
po lynomia l   roo t   func t ion   to  the l e f t  hand  denominator 
p o l e s .  Form the   input  impedahce  polynomial  from  the 
r e f l e c t i o n   c o e f f i c i e n t :  

Syn thes i ze   t he   c i r cu i t s  by e x t r a c t i n g ,   a l t e r n a t e l y ,  
a capac i to r  and then a uni t   e lement ,   reducing  the 
polynomial  a f te r  e a c h   e x t r a c t i o n   u n t i l   t h e  impedance 
polynomial is exhausted . 
M u l t i p l y  the  shunt   capaci tor   values   and  uni t ,   e lement  
va lues  by the generator   admit tance  to   denomalize  the 
v a l u e s .  Realize the f i l t e r  as a cascade  of   quarter  
wavelength  shunt  open s t u b s  a l t e r n a t i n g  w i t h  s e r i e s  
qua r t e r  wavelength  uni t   e lements ,   being  caut ious  to  
a c c o u n t   f o r  t h e  var ious  wavelengths   required for 
d i f f e r e n t  strip widths .  

LIMITA'l'IONS: S i n c e   t h e   f i l t e r  is composed of   quarter   wavelength 
sec t ions ,   the   response  w i l l  r epea t  i t s e l f   e v e r y  odd 
mul t ip l e  of t h e   c e n t e r  frequency, The program does 
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c260 Continued 

LIMITATIONS: not  design f i l ters  requiring more than 16 sections,  
(cont 'd .  ) the expense and inaccuracy  involved In manipulating 

and f i n d i n g  the roots  of large polynomials i s  not 
worth the added expenditure. Very accura te   resu l t s  
can be obtained In large f i l t e r  networks by simply 
repeating the cent ra l   sec t ions  of the f i l t e r  design 
f o r  the case of greater than 8 stubs. 

The program w i l l  synthesize f i l ter8 with bandwidths 
in  the  range 30$ through 15M. The value of ATTEN 
must be greater  than the value of RIPPLE and the 
value of FATTI?.N must be between the values of' 
PCEMTR and FCUTOF. 

Finally,   the program does not produce  physical 
dimensions which  compensate f o r  fringing effects 
and f o r  more accurate   resul ts  the stubs need t o  be 
shortened. 

MISCELLANEOUS : 

C260 uses  Routines S259, S105, Sl06,  SI07 and Sl08. 

Reference:  Gupta, O.P., and Wenzel, R . J . ,  private  communlcatfon 
and Wenzel, R . J .  and Horton, W.C., "General Theory 
and Design of Optimum Quarter-Wave TEK Filters," 
IEEE Trans. on Microwave Theory and Tscbnique8, 
Vol. MTT-13, No. 3, May 1965, pp. 316-327. 
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c260 Continued 

Sample Problem: 
A .  

data 
o . P L;rl 9.6 50 . r; 1.0 0 .H 0.1 4-0 0.0 0.0 
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C260 Continued 

R. 

1.0 0 . 4 0.1 0.0 0 . 5  33.0 



2.4 PROGRAM C289- STEPPED IMPEDANCE  TRANSFORMER 

PURPOSE: The program computes  the  impedances  of  quarter 
wave sections  to  transform  from  one  impedance 
to another over a band of frequencies,  compen- 
sating for junction  discontinuity effects. 

STRUCTURE: 

i 
” 

INPUT I (Format  8F8 . ‘ 2 )  

VARIABLE CARD 
NAME COLUMNS UNITS DESCRIPTION 

H 
DIEK 
SECT 
FLOW 
F H I G H  
EX PAN D 

2 IN 

Z OUT 

49-56 

57-64 

Inches  Substrate  Thickness 
Substrate,Dielectric Constant 
Number of Sections  Required 

G HZ Low Band  Edge 
GHZ High Band Edge 

Expansion  Factor  Input for 
Compensating Bandwidth. 

the lower of the two). 
OHMS Input  Impedance (by convention 

OHMS Output  Impedance 

OUTPUT : 

1. Input data. 

2. Maximum VSWR expected. 

3. A table  containing: 

a. The impedance of each section. 
b. The width  and length of each section. 
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C289 Co.nt inued 

METHOD: Chebyshev-like  transformers are synthesized  through 
array 81' 

to  compensate 
for the discontinuities  introduced by the  change in 
microstrip width. Since  the  discontinuities  are 
reactive,  rather  than  susceptive,  the  dual of the 
equations  in;  the  reference  were  used to correct  the 
original  design, 

LIMITATIONS: The accuracy of the  analysis is reduced only at the 
extremes of the data,  such as the  design of a  large 
impedance  transformer  ratio,  together  with  a  very 
t h i c k  substrate, at very low impedance  levels and 
with  multi-octave  bandwidth ratios. 

MISCELLANEOUS : 

C289  uses  Routine S259 

References: Cohn,  S.B., private correspondence,,and Cohn, S.B., 
"Optimum Design of Stepped  Transmission-Line 
Transformers," IRE Trans. on Microwave  Theory and 
Techniques, Vol. MTT-3, Nom 3 ,  ppm 16-21, April 1955. 

I 
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C289 Continued 

Sample Problem; 

A .  

4.0 i*A7 25.0 500 0 

THANSF9RMING 25-00 GHMS INTO 50.00 OHMS 
USING 4 SECTIaNS AND HAVING A MAXIMUM VSWR O F  1.016 
I)N -100 I N C H E S  THICK. 9 . 5 0  DIELETRIC SUBSTRATE 

W I DTH LENGTH 

- 3 1 9 7  
02913 . 3745 
-2259 370 7 

1561 3733  - 1143 3 7 9 s  
1006 

C INCHES) CINCHES) 
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C289 Continued 

data 
0.1  9.5 9.0 1 .o 3.0  1.17  25.0  50.0 

TRANSFORMING 25.00 OHMS INTO 50.00 OHMS 
USING 9 SECTIONS  AND  HAVING A MAXIMUM VSWR OF 1.001 
ON 100 INCHES  THICK# 9.50 DIELETRIC  SUBSTRATE 

SECT1 ON 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  

IMP  EDAN CE 
(OHMS) 
25 000 
25-20 
25.96 
27.74 
30.89 
35 36 
40.47 
45.06 
46-15 
49 60 
50 00 

W I DTH LENGTH 

-3197 
-3161 . 5539 
3030 . 5557 
02751 5570 
02340 . 5593 . 1888 5637 
1499 5698 
1232 5748 
1084 5796 . 1022 5822 
1006 

( INCHES) CINCHES) 
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2.5 PROGRAM C283- HYBRID RING 

PURPOSE; The program computes the physical dimensions Of 
a microstr ip  hybrid ring, 

VARIABLE CARD 
NAME COLUMNS UNITS DESCRIPTION 

/ 

F 1-8 G HZ Center  Frequency 
DIM 9-16 Substrate  Dielectric  Constant 
Z 17-24 OHMS Impedance Level 
H 2 5-32 Inches  Substrate  Thickness 

OUTPUT t 

1. The input data is repeated. 

2. The outer and inner  ring  diameters  are  displayed, 

3 .  The inpu t   s t r i p  width is  printed. 

4. The reference  plane  angles for each Of the port8 is 
printed i n  degrees  from  the  input  port, 

METHODS A r i n g  w i t h  a median length of  s i x  quarter  wavelengths 
plus 8 reference  plane  compensating  lengths is calcu- 
l a ted .  The reference  plane data is then  converted 
i n t o  angular measurements and displayed t o  specify the 
loca t ion  of t he  ring input8 and outputs. 
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. .. 

C283 Continued 

LIMITAI'IONS: The basic   l imitat ions of the hybrid ring is the 
overal-1 bandwidth of the ring which usua l ly  cannot 
he much l a - - g e r  than j" 20s  of the center frequency. 

MISCETIT,ANEOUS : 

C283 uses. Routines S284 and S251j 

References: F. S .  Coale, private communication. 
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C283 Continued 

Sample Probl em I 

A .  

data 
1.0 9.6 50.0 0.050 

results  
M I C R O S T R I P   H Y B R I D   R I N G   S Y N T H E S I S  

FREQUENCY = 1 *OOO GHZ 
I N P U T   I M P E D A N C E  = 50.00 OHMS 
D I E L E C T R I C   C O N S T A N T  = 9.60 
S U B S T R A T E   T H I C K N E S S  = -050 I N C H E S  

OUTER  DIAMETER = 203576 I N C H E S  
INNER  DIAMETER = 2.3137 I N C H E S  
I N P U T   S T R I P   W I D T H  = -0498 I N C H E S  
OUTPUT  ANCiLES 

1 60.655 D E G R E E S  
2 12 1 309 D E G R E E S  
3 18 1 0964 D E G R E E S  

data 
0.1 9.6 50 .0  0.050 

r e s u l t s  

M I C R O S T R I P   H Y B R I D   R I N G   S Y N T H E S I S  

FREQUENCY - - 100 GHZ 
I N P U T   I M P E D A N C E  = 50-00 OHMS 
D I E L E C T R I C   C O N S T A N T  = 9.60 
S U B S T R A T E   T H I C K N E S S  = 0050  I N C H E S  

OUTER  DIAMETER = 22.9202 I N C H E S  

I N P U T   S T R I P   W I D T H  = 00498 I N C H E S  
OUTPUT  ANGLES 

INNER  .DIAMETER = 22.8763 I N C H E S  

1 60 06 7 D E G R E E S  
2 120 134 D E G R E E S  
3 180 20 1 D E G R E E S  
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2.4 PROGHAM C288 - FERRITE CIRCULATOR 

PURPOSE : The program computes  physical  dimensions of a 
microstrip  ferrite  circulator  together with its 
matching quarter wave input and ferrite  magnetic 
field and diameter, / 1 

STRUCTURE I 

VARIABLE CARD \ '  
NAME COLUMNS UNITS DESCRIPTION 

FLOW 1-8 GHZ Low Band  Edge  Frequency 
F H I G H  9-16 GHZ High Band Edge Frequency 
REQ IS0 17-24 DB Required  Isolation 
F D I E K  2 5-3 2 Ferrite Dielectric  Constant 
SDIEK  Substrate  Dielectric  Constant 
2 41-48 33-40 OHMS Impedance Level 

OUTPUT 8 

1. The  input data. 

2. The DC  magnetic  field in oersteds. 

3.  Ferrite disk diameter,  height  and  equivalent  impedance, 

4. Matching  section,  impedance,  width  and  length. 

5 .  Input  line  width. 

- 91 - 



C288 Continued 

METHOD: The approach  of Fay and Comstock is pr imar i ly  used 
except where t h e   f e r r i t e   h e i g h t  is involved.  Here 
the   subs t r a t e   t h i ckness  is used  instead and is 
e q u a l . t o  h a l f  the  ground  plane  spacing  assumed  for 
s t r i p l i n e .  

The i so la t ion   requi rement  is conver ted   in to  a 
matching  requirement   between  the  ferr i te   resonator  
e q u i v a l e n t   c i r c u i t   a n d  t h e  q u a r t e r  wave input  
t ransformer  in   terms of VSWR. The VSWH. i n   t u r n ,  
defines  the  phase  angle  of  the  equivalent  resonator 
admittance  which, when combined w i t h  the  bandwidth 
specif icat ions,   determines  the  loaded QL of the 
resonator .  

The f e r r i t e  is t o  be   opera ted   in   the   jus t   sa tura ted  
condition  (Hdc=4nMs) which s impl i f i e s   t he   ca l cu la -  
t i o n s  f o r  Meff.  From QL t he   f r ac t iona l   f r equency  
s p l i t t i n g  between  the  individual   rotat ing mode reso- 
n a t o r s  is found 

from  which the  value of k//.l "is determined (K/P = 
2.466') and,  hence, I e f f  = (l-(K/P)2) is found f o r  
t he   cond i t ion   o f   j u s t   s a tu ra t ion .  'Now the  propaga- 
t i on   cons t an t  k can  be  determined  which w i l l  r e s u l t  
i n   t h e   v a l u e   f o r   t h e   r a d i u s  of t h e   f e r r i t e  DaCk. 
R = 1.8412/ke 

The n e x t   s t e p  is t o  determine a s a t i s f a c t o r y  imped- 
ance   t ransformat ion   ra t io  which w i . 1 1  a l l o w  the best. 
nlatcb for t h e  civen VSWR and  bandwidth requ S.rament . 
Knowin% the   t r ans fo rmer   r a t io  and the   i npu t   l i ne  
c h a r a c t e r i s t i c  impedance, a matching  impedance may 
be  determined as well  'as the  desired  input  conduc- 
tance of the   resonator .   F ina l ly ,   the   he ight   o f   the  
resonator  can  be  determined by H = .74*WoR* ~ / ( Q L G H )  
where Wo is the  center   f requency,  R is t h e , f e r r i t e  
r a d i u s ,  GH is the  conductance  of  the  resonator a t  
resonance  and is t h e   d i e l e c t r i c   c o n s t a n t   o f   t h e  
f e r r i t e .  

LIMITATIONS: The bandwidths t h a t  can be r e a l i z e d  by t h i s  program 
are   l imi ted   to   modera te   bandwidths   typ ica l ly   no t  ex- 
ceeding  the 209% r ange   s ign i f i cqn t ly .  Large band- 
wid ths  t end   t o   i nc rease  the  f e r r i t e  diameter s i g n i f i -  
c a n t l y  beyond t h i s  segior?. 
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. .  
C288 Continued 

MISCELLANEOUS I 

C288 uses Routine s259 

References; Fay, C.E. and Cornstock, R.L., "Operation of the 
Ferrite Junction Circulator," XEEE Transactions 
on Microwave Theory and Techniques, MTT-B, 
JanuaryI 1965, pp. 15-27. 
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Sampl e Prob 1 em : 

A -  

- data 
0924 1-076 30 -0 14.0 9.6 50.0 

results 

FERFlfTE CIRCULATOH D E S I W  

REQIJ I IIEMENTS 

-924 G H Z  LOW 'DAND KDGE 
1.076 G H Z  H I G H  RA.VD EDGE 

30-000 DU ISOLATION HEQUIilED 
14-000 SUBSTRATE DIELECTRIC 
9- 600 FERRITE  DIELECTRIC 
50.000 OHMS ILVPUT IMPEDA3JCE 

DESIGN PARAMETERS 

947.78 
2-0394 
-0779 
-3204 

1.0794 
20 7 840 

-07t32 
8.6395 

OER e 
13. 
1 % .  
I N .  
I N .  
OHMS 
I N .  
OHMS 

DC MAGNETIC FIELD 
DIAMETER OF FERRITE D I S K  
I S P U T  LINE WIDTH 
MATCHING QUARTER WAVE LINE WIDTH 
MATCHI'VG SECTION LENGTH 
XATCHING SECTIO?J IMPEDANCE 
FERRITE SllBSTRATE HEIGHT 
F E R R I T E  EQUIVALENT  RESISTANCE 

C288 Continued 
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C288 Continued 

0.9 1.1 30 e 0  14.0 9.6 50.0 

resu l t s  
FERRITE CIRCULATOR DESIGN 

REQUIREMENTS 

0900 GHZ LOW BAND EDGE 
1 100 GHZ HIGH BAND EDGE 

30.000 DB ISOLATION  REQUIRED 
14.000 SUI3STRATE DIELECTRIC 

50 e 000 OHMS INPUT IMPEDANCE 
9 600 FERRITE DIELECTRIC 

DESIGN PARAMETERS 

1247.08 
2 a 2236 . 1785  

5640 
1.0961 

25. 1523 
1792 

12.6528 

OER 
IN. 
I v. 
IN. 
IN. 
OHMS 
IS . 
OHMS 

DC MAG:VETIC FIELD 
DIAMETER OF FERRITE DISK 
INPrlT LINE WI DTH 
MATCHING QIJAATER WAVE LINE WIDTH 
MATCHING SECTION LENGTH 
MATCHING SECTION IXPEDANCE 
FERRITE SUBSTRATE  HEIGHT 
FERRITE  EQUIVALENT  RESISTANCE 
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3 .@ DEVICES U S I N G  COUPLED MICROSTRIP LINES 

Two broad c l a s s e s  of devices use  coupled microstrip lines8 
f i l t e r s  and couplers .  The following programs illustrate 
two examples of bandpass filters using  coupled lines and 
an example each of a directional coupler and a power 
s p l i t t e r .  



3 a 1  PROGRAM C279- END  COUPLED UNDPASS FILTER 

PURPOSE8 The program  computes gap susceptance  needed to 
end couple  half  wave  resonators to  realize a 
bandpass  filter  and  provides  the length, width 
and  gap dimensions  needed to realiae the struc- 
ture in microstrip form. 

STRU  CTU RE 1 

i -Lf" - L2- -L- I 

3 q- - -q- -q- - -04 
INPUT I ( Format 9F8 . 2) 

VARIABLE CARD 
NAME COLUMNS UNITS JlESCRIPTIQP! 

20 
DIEK 
H 
FCENTR 
BANWTH 
RIPPLE 

SECTS 

PREQ 

ATTEN 

1-8 
9-16 
17-24 
25-32 
33-40 
41-48 

49-56 

OHMS Impedance  Level 
Substrate  Dielectric  Constant 

Inches  Substrate  Thickness 
GHZ Filter Center  Frequency 
GHZ Filter Bandwidth 
DB Chebyshev  Ripple or if 0 a M a x  

Flat Design. 
Number of Sections, if 0 the 
Computer  find6  the Minimum 
Number of Sections  to  Satisfy 
the  Below Conditions, 

GH2 Frequency  at  which a Specified 
Attenuation is Desired. 

DB Specified  Attenuation Desired 

OUTPUT : 

1. The i n p u t  data is repeated. 

2. The width of the  microstrip l i n e  is displayed. 
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c279 Continued 

a. The  normalized gap.susceptances. 
b. The  prototype  element values ("gvalues") . 
c. The length  and gap sizes required to realize the filter 

in microstrip  format. 

METHOD: A low pass  prototype  network  is  computed  and  trans-. 
formed  into  cascade of admittance  inverters  separated 
by resonant circuits.  This  network  is  realized  by 
replacing  the  resonant  circuits  with  half  wave  reso- 
nator  strips  and  the  admittance  inverters by  end 
coupled  gaps.  The  gaps  are  realized by viewing the 
resonator strips as very  wide  parallel  coupled  strips 
of short lengths.  The  capacitive  coupling  between 
the  resonators  thereby  becomes  a  combination  of odd 
and  even  mode  capacitance,  which is then  synthesized 
as a gap between  coupled lines by a set of subroutines 
which  perform an approximate  coupled  strip  synthesis 
which  could  be  refined  later  through  the use of the 
C267  routine. 

LIMITATIONS: The approximate  synthesis  routines are generally 4% 
accurate  over  a  wide  variety of dielectric  values 
and geometries, but the  percentage  error rises 
markedly f o r  tight  coupling  situations of S/H(.2 
and with W/H < .2 or W/H> 2.. The filter routine is 
capable of bandwidths up to 20% depending  on  the 
ripple  size. 

MISCELLANEOUS : 

C279  uses  Routines S280, S278,  s262, s96, S97 and S259. 

References: Cohn, S.A., private  communication, Cohn, S.B., 
"Direct-Coupled-Resonator  Filters , I' Proc.  of  the 
I R E ,  February, 1957, pp. 187-196. 
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C279 Continued 

Sample Program t 

A .  

- data 

50.0 9-0 0 . 1  3- 1 0.2 0.5 3-0 0-0 0.0 

resul ts  

END GAP C3UPLED BANUPASS FILTER 

3.100 GHL CENTEil  FHEQUENCY -200 GHZ BANDWIDTH 
500 Db R I P P L E  3 SECTIONS 

0100 INCH  SUBSTRATE 9 -000 DIELECTRIC  CONSTANT 
50.000 3HM MICHOSTRIP  LINE OF WIDTH 01058 INCHES 

SEC ELEMENT SUSCEPT LENGTH LENGTH GAP 
NUM V A L U E  <NORM) DFlGREES INCHES INCHES 

1 1 .5963  - 2 6 9 0  161.478 -614  -0333  
2 1.096'7 e0770 171 0240 0 6 1 R  -1015  
3 1.5963 -0770 1 6 1  -474 - 6 1 4  1015 
4 1.0000 0 2690 0.000 0.000 -0333 
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C279 Continued 

B. 

- data 

50.0 9.0 0 . 1  3.1 0.2 0.1 3. 0 0.0 0.0 

resu l t s  
END GAP CdUPLED  BANDPASS  FILTER 

3.100 GHZ CENTER  FREQUENCY -200 GHZ BANDIIIDTH 
-100  DR R I P P L E  3 SECTIONS 

100 INCH S W S T R A T E  9.000 DIELECTRIC  CONSTANT 
50.000 OHM M I C R d S T R I P   L I N E  OF WIDTH 01058 INCHES 

SEC ELEMENT SUSCEPT LENGTH LENGTH GAP 
NUM VALUE ( N O R M )  DEGREES TNCHES INCHES 

1 1.0316 -3476  157.276 0612  00209 
2 1.1474 -0940  169.357 0621  -0872 
3 1.0316 00940 157.276 -61% 00872  
4 1 .oooo 3476 0.000 0.000 00209 
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PURPOSE : The program computes  the even and odd  mode 
impedance for a parallel  coupled  bandpass  filter 
and  the  microstrip  dimensions of: length, width 
and  gap to realize  the filter; 

STRUCTURE: F. Lo A I L1 + L2-4 

INWT : ( Format 9F8.2) 

VARIABLE CARD 
NAME COUIMNS  UNITS 

20 1-8 OHMS 
DIEX 9-16 
H 17-24 Inches 
BAND 25-32 GHZ 

CENTER 33-40 GHZ 
RIPPLE 41-48 DB 

SECTN 49-56 

DESCRIFTION 

Impedance  Level 
Substrate  Dielectric  Constant 
Substrate  Thickness 
Filter Bandwidth (if negative a 
bandwidth  shrinkage  correction 
factor is automically  applied) 

Center  Frequency of Filter 
Chebyshev  Ripple  Magnitude  in 
dBI 0 M e a m  Maximum Flat 
Response. 

Number of Sections  or 0 to Indi- 
cate  that  the  Required  Number 
Should  be  Computed from Next 
Data. 
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C276 Continued 

UNITS DESCRIPTION 

.GHZ Frequency a t  wh+ch a Deslred M i n i m u m  
Attenuat ion i s  Wi8bed. 

Find Number of   Sec t ions  Meeded ta 
Produce Desired Sk ir t .  

DB Attenuat ion Desired if SECTN is  Zero; 

OUTPUT: 

1 .  I n p u t   d a t a  repeated. 

2. The design  bandwidth - this  differs  fram the requi red  band- 
width only i f  p r e - d i s t o r t i o n  is d e s i r e d   t o  compensate for 
an expected  bandwidth  shrinkage between des ign  and a c t u a l  
hardware. 

3. A t a b l e   o f :  

a. Even  and odd impedances  required f o r  each  sect ion.  
b. The element values   ("gvalues")   used i n  the prototype.  
c.  The length ,  width and gaps needed t o   r e a l i z e  the design 

in   micros  t r i p  technology. 

mmoD : A low pass p r o t o t y p e   c i r c u i t   t r a n s f o r m e d   i n t o  a 
cascade of r e sonan t   c i r cu i t s   s epa ra t eq  by admit tance 
i n v e r t e r s .  The a c t u a l   c i r c u i t  is r e a l i z e d  by re- 
p l a c i n g  the admi t tance   inver te rs  by q u a r t e r  wave 
parallel coupl ing  between strips. The even and odd 
mode impedances r e q u i r e d  by the coupled strips are 
synthesized  using  approximate  techniques  developed 
by T. Cisco. The f i n a l   s t r u c t u r e  i s  then fore- 
shortened t o  accoun t   fo r   f r i ng ing   capac i ty  effects. 

A n  experimental ly   der ived  bandwidth  reduct ion  factor  
i s  included  in  the program  and is a c t i v a t e d  by a 
nega t ive   i npu t  data item. A compensation factor 
t h e n   m u l t i p l i e s  the desired bandwidth i n  order t c  
p red i s to r t  the design.  

LIMITATIONS: The overall  bandwidth  of the f i l t e r  is l imited by 
the r e a l i z a b i l i t y  of reasonable   coupl ing   fac tors  
between the i n i t i a l  resonant   c i rcu i t s .   Values  a F  
high a6 3096 can be achieved. The approximate solu- 
t ions f o r  the coupS.ed. l i n e s  are u s u a l l y   i n  the 4s 
r ange ,   bu t   fo r  tight coupling  and very low S / k  and 
W / l I  r a t i o e  the results can   rap id ly  deteriorate, end 
program ~267 should be used t o  a .ecurately affirm 
the correc t   geometr ies .  
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~276 Continued 

MISCELLANEOUS : 

~276 uses Routines C277, S278, 5262, Sg6, 892 ahd S259. 

Referencee: Matthael, G.E., Young, O.E. and Jones, E.H.T., 
Microwave Filters, Impedance-Matching Networks, 

g Struc turee, Ncoraw-Ifm 9, 
0 
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C276 Continued 

Sample Problem: 

A. 

- data 
50.0 9.6 0.05 -030 1.0  0.01  6.0 

results 
PARALLEL  COUPLED MI CROSTRIP  FILTER 

1 .OOO GHZ CENTER  FREQUENCY 300 GHZ BANDWIDTH 
0010 DB R I P P L E  6 SECTIONS 
0050  INCH  SUBSTRATE 9 600 DIELECTRIC  CONSTANT 

50.0 OHM MICROSTRIP  INPUT L I N E  OF WI.DTH 0049.8 INCHES 
0334 GHZ BANDWIDTH DUE TO PRE-COMPENSATION 

SEC ELEMENT W I DTH GAP LENGTH zoo ZOE 
NW VALUE INCHES INCHES INCHES OHMS OHM S 

0 1 .oooo 001 32 00062 1.227 42.59 124-50 
1 78 14 028 7 -0089 1.200 37.50 88-36 
2 1.3600 00378 .0155 1.l.82 38.69 73-27 
3 1-6897 -0388 00169 1.180 39-02 71-57 
4 1.5350 00378 -0155 1.182 38.69 73-27 
5 1.4970 00287 -0089 1.200 37-50 88-36 
6 7098 -01 32 00062 1.227 42.59 124-50 

0.0 0.0 

- 122 - 



d a t a  
" 

50.0 9.6 0.05 "12 1.2 0.01 6.0 0.0,  0.0 

resu l t s  
PARALLEL  COUPLED  MICROSTRIP FILTER 

1.200 GHZ CENTER  FREQUENCY 120 GHZ BANUWI DTH 
e 0 1 0  DF R I P P L E  6 SECTIONS 
-050 INCH  SUBSTRATE 9 600 DI  ELECTRI C CONSTANT 

50.0 I)HM MICROSTRIP  INPUT  LINE 3 F  WIDTH 00498 INCHES 
*la€! G H L  BANDWIDTH DUE TO PRE-CdMPENSATION 

!;KC LSLkMKNT w I D l f l  OAP LENGTH zoo Z O E  
NlJM WALrJI*: I N C H E S  INCHES INCHES OHMS OHMS 
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3 . 3  PROGRAM C29l - MICROSTRIP  DIRECTIONAL COUPLER 

PURPOSE 8 The  program  computes the even and odd  mode 
impedances  needed to realize an asymmetrical 
directional  coupler and the physical  dimen- 
sions to realize the impedancqe in a micro- 
strip format. 

OUTPUT 

VARIABLE CARD 
NAME COLUMNS UNITS DESCRIPTION 

SECT 1 -8 Number of Sections  Desired 
CPLDB 9-1 6 DB Coupling Des i red  
BANWTH 17-24 Fractional  Bandwidth (Bandwldth/FCENTR) 
FCENTR 25-32 GHZ Center  Frequency 
DIEK 33-40 Substrate  Dielectric  Constant 
HEIGHT 41 -48 Inches Substrate  Thickness 
20 49-56 OHMS Impedance Levex 

OUTPUT I 

I .  The  input data. 

2, The port i n p u t  strip width. 

3. A table containing8 

a, T h e  even and odd mode impedances of each section. 
b, T h e '  width,  gap and length $ 6 ~  mielpos-brip structure 

realizing coupler functione 
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C29l Continued 

The coupler I s  analyzed by no'ting that the e n t i r e  
analysis  of the performance of the coupler i s  
poesible  through an analysis  of the even mode net- 
work. Conversely, the synthesio of the even mode ' 

network w i l l  completely specify the overall  coupled 
network. Due t o  the asynactr lcal  structure of the 
coupler, the Chebyshev re f lec t ion   co8fr lc ien t  of 
the coupler can be directly  conrrtructed  without any 
intermediary  polynomial  root  extraction by using 
the formulas of Levy. The re f lec t ion   coef f lc len t  
polynomial I s  tihen used t o  formulate the Input 
impedance polynomial  function  for the even mode 
network. The input Impedance function is then con- 
ver ted  Into a transfer matr ix  representation which 
is derived by s p l i t t i n g  the input impedance poly- 
nomial i n t o  their even and add parts .  The c i r c u i t  
i s  then  synthesized as a cascade of tran6mifision 
l i n e s  by repeatedly  reducing the Input impedance 
matrix by ex t rac t ing  a unit  element. The odd mode 
impedances are then  calculated through the use of 
the  equation 2 ,Z,=1. A n  approximate  coupled 
s t r ip  synthesi8  technique i s  then  applied t o  the 
even and odd mode impedances t o   r e a l i z e   t h e  physical 
dimensions. 

LIMITATIONS: The program has provisions for  r ea l i z ing  networkg of 
up t o  40 sections and bandwidth r a t i o s  of  up t o  10 
t o  1 over a wide va r i e ty .  of coupling  coefficients.  
The approximate  solutions for the coupled strip 
dimensions are usually good to  an  average  of 4$, but 
f o r  very tight coupling and high impedance l i n e s  the 
accuracy of the approximation  can  deteriorate 
rap id ly .  The phase response of the asymmetrical 
coupler  In the passband i e   n o t  as good as that of 
the symmetrical coupler  type. 

MISCELLANEOUS: 

C29l uses Routines S292, S2g3, S277, S.278, 5262 and S259 

References: Levy, R., "General  Synthesis of Asynnnetrical  ,Multi- 
Element Coupled-Transmission-Line Direct ional  
Couplers," BEE Trans . on Microwave Theory and Tech- 
niques $ pp. 226-237, July 1963. 
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CZgl Continued 

Sample Problem : 

0-05 5 0.0 

results . . . . . . . .  

. " I 1  

J 

I 

" 

" . 



3 . 4  PROGRAM c115 - HYBRID T SYNTHESIS . ;'i 

F'URPOSE I The program computes  even and odd mode 
impedances  and  isolation  resistors  required 
to  synthesize a matched  equiphase power 
divider cons'isting of a cascade of coupled 
transmission  lines  with  intermediate resistors. 

STRUCTURE x 

' i -. . - "' 

PORT 2 

-i 
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Cll5 Continued 

INPUT : (Format Bp8.2 1 

VAR IABLE S!.Qy! 
NAME COLUMN!? " 'UNITS 

7 v ' r  1 - Q  

PRATIO 9-16 
Z R A T I O  17-24 
VSWH 25-32 

NEXT 
CARD 

CF(1) 1-8 
C F ( 2 )  9-16 
thru thru 

CF( Q) 65-72 

NEXT 
CARD 

CF(1T)) 1 - S  
thru  thru 

CF(18) 6 5-72 

OUTPrJT I 

1. Input data, power  and 
VSWR . 

DESCRIPTION 

!,lumhor of Quarter  Wave  Sections 
Power Division  Ratio R /K2 
1mpeda.nce  Ratio  Input 20 Output H ~ / H z  
Desired  Maximum VSWR at the  Input  Port 

Coupling  coefficients for each  section 
starting  with  the  output  and working 
backward  to  the  input  sections. May 
he zero, used  only  to  compute  odd  mode 
impedance  from  even  mode  impedance. 

impedance ratio, sections  and  maximum 

2. Relative  even  mode  bandwidth. 

3. '['he even and  odd  mode  impedances for each  side  (Port 2 and 
P o r t  3 )  of each  section  and  the  isolation  resistance  and 
coupling  coefficients  between  sections,  all  normalized  to 
the  Port 1 resistance. 

METHOD: The power  splitter  is  synthesized in a manner  similar 
to the directional  coupler. The network  is  synthe- 
sized in three  parts:  the  even  mode as an impedance 
inverter,  the  odd  mode  in  accordance  with  the  couplinF 
coefficients  defined by the user, and the  isolation 
resistors by an optimization  technique. 

Chebyshev  polynomials  are  used to design  the  even mode 
transformer  resulting  in an explicit  expression for 
the  reflection  coefficient,  which is then realized 
through  the  standard  techniques  of unit element  ex- 
traction  Prom a transfer  matrix of the  input  imped- 
ance, 
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METHOD : 
( con t ' d . )  

LIM ITAT IONS : 

C l l 5  Continued 

The odd mode impedances are   next   evaluated using 
the   coupl ing  coeff ic ients   provided  and t h e  i so l a -  
t i a n   r e s i s t a n c e s   a r e   c a l c u l a t e d  by manipulating 
t h e i r   v a l u e s   u n t i l   t h e   z e r o e s  of t h e  even  and odd 
mode r e f l e c t i o n   c o e f f i c i e n t   a r e  as i d e n t i c a l  as is 
p r a c t i c a b l e  . . 

The odd mode e x c i t a t i o n  i s  not   def ined   in   ' the  
usual  way and ,   therefore ,   the   mutua l   capac i t ies  
are . n o t   r e l a t e d   t o   t h e   c h a r a c t e r i s t i c  impedances 
i n  the  u s u a l  fashion.  See t h e  r e f e r e n c e   a r t i c l e  
f o r  more d e t a i l s .   S i n c e   t h e  program  uses  extensive 
polynomial.  manipulations  and  an  optimization 
rout ine ,   p roblems  requi r ing  more than eight sec t ions  
can t a k e  long  execution times and a t  that w i l l  s .ill 
no t  be guaranteed of  accurate  answers.  

MISCELLANEOUS: 

C l l 5  u s e s  Routines  S118, s116, S117, S120, S121, S122, Sl23, Sl25, 
Sll9, and  S124 

References: Eki.nge, R.B., "A New Method of Synthesizing Matched 
Broadband TEM-Mode Three-Ports ,I' IEEE Trans. on 
Microwave  Theory  and  Techniques, Vol. MTT-19, No. 1, 
pp. 81-88, January 1971. 
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C l l ' j  'Continued 

Sample Problem : 

A. 

data 
4-0   1 .0  1.0 1 . 1  

-055 129 -214  284 

resu l t s  
HYFRI rJ T SYNTHESIS 

POWER DIVISIdN  HAT10 CR-PORT3/R-PORTB) 1-000 
IIVIPEDANCE PATICI <R-PORTl/R-PO€iTB) 1 .ooo 
4 SECTIONS MAX USWR AT PORT1 1 . 100 

RELATIVE RANDWIDTH OF EVEN MODE 1.201 

ALL IMPEDANCES  NORMALIZED TO PIJRT 1 

SECT PCIRT 2 SIDE PORT 3 SIDE I SOLATI ON COUPLING 
NlJM ZO EVEN zo Our) zo EVEN ZO ODD RES1 STOR COEFFICIENT 

1 1.11590 -99955 1 1 1  590 -99955 16.  34448 -05500  
E 1 2958% -99970 1.29582 999 70 7-01 168 - 189GO 
3 1.54342 99928 1 54342 099928 3.298 54 2 1400 
4 1.79PPU 099943 1.79228 -99943 1 39045 28400 
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Cll5 Continued 

B. 

- daYa 

3.0 1.7 1-3 1.1 

results 

HYRfiI D T SYNTHESIS 

POWER DIVISION  RATIO  (R-PORT3/R-PORT2) 1.700 
IMPEDANCE R A T I O  <h-PtIRTl/H-PORT2) 1 300 
3 SECTIONS MAX VSWR AT PORT1 1 100 

RELATIVE EtANljWI DTH OF EVEN MODE 0971 

ALL  IMPEbANCES  NORMALIZED TO PORT 1 

SECT PORT 2 SIDE  PORT 3 SIDE I SOLATION COUPLING 
NUPJ ZO EVEN ZO ODD 20 EVEN 20 r)DD RES1 STOR C O E F F I C I  ILNT 

1 -88667 7847% 1 50735 1 33402 1 1  0 8  78 I3 .06100 
2 1 -  10531 088445 1.87903 1.50357 3 79 320 . 1 1  100 
3 1.37789 094177 8.34238 1.6010% 1.69715 18!?00 



SECTION IV 

DESIGN AIDS 

1.0 INTRODUCTION 

Component design  programs  tend  to  produce  very  specific 
devices  for very   spec i f ic   requi rements ,   ye t   no t   every  
a p p l i c a t i o n  has t h e  same requirements.  I t  is u s e f u l ,  
t h e r e f o r e ,   t o   p r o v i d e  the designer  wi th  added c a p a b i l i t i e s  
which  allow him t o   c h a r a c t e r i z e  or modify h i s  designs and 
t o  interface w i t h  o t h e r  components.  Three  design aids are 
p resen ted   i n  t h i s  s e c t i o n   t o  meet  these  needs by providing 
the   des igner  w i t h  time delay and phase  response of  Chebyshev 
filters, t h e  spurious  harmonic  levels  involved i n  mixer 
systems,  and a general   network  analysis  and  optimization 
program  capable  of  handling  diode  models  and  transmission 
l ine   e lements .  

m 



1 .I PROGRAM C l O O  - CHEBYSHEV RESPONSE 

PURPOSE: The program  computes the  amplitude,  phase  and time 
delay  response  of  a Chebyahev bandpass f i l t e r  a t  a 
number of  equally  spaced  frequency  points  between 
the  center   f requency  and the upper 3dB band edge. 

INPUT: (Format  9F8.2) 

VARIABLE CARD 
.NAME COLUMNS UNITS DESCRIPTION 

FCENT 1-8 GHZ Center  Frequency o f  F i l t e r  Response. 
BANWTH 9-16 GHZ Bandwidth of F i l t e r .  
SECTS 17-24 Number of  Chebyshev Sec t ions   i n   t he  

F i l t e r  . 
R I PPLE 25-32 DB Ripple  Factor i n  dB. 
STEPS 33-40 Number of  Frequency  Increments  to  be 

Pr in ted  i n  Output ( l e s s   t han   100) .  

OUTPUT : 

1. Repet i t ion  of  input  data; FCENTR, BANWTH, SECTS, RIPPLE. 

2. Loss i n  dB, phase  in   degrees ,  and delay  in  nanoseconds,  i n  
add i t ion   t o   t he   f r equency  a t  which they  occur. 

METHOD ; The 3dB bandwidth  of  the f i l t e r  is computed  and 
then  the  phase,   delay  and  ampli tude  are   calculated 
a t  each  frequency. 

n-1 1 1J2m(w)Sinh(2n-2m-1)82 
DELAY = € 2 m=n Sin(Zrn+l)Y 

1 + €2TnZ(k) 



C l O O  Continued 

METHOD: 
(cont'd.  

where Tn(w) is the Chebyshev function 

Un(W) is the Chebyshev function of the  second  kind 

n is the number of s e c t i o n s  

G is the   r ipp le   fac tor  

w is the  radian  frequency 

MISCELLANEOUS I 

Program C l O O  uses Routines S 9 7 ,  F98 and F99 . 



ClOO Continued 

Sample Prohlm: 

- data 

1.0  0.1 5.0 0.01 20.0 

results 

CHEBYSHEV FILTER RESPONSE 

1.000 GHZ CENTEI? FREQUENCY 100 GHZ RANDVI DTH 
5 SECTIONS 0010 DE3 RIPPLE 

FHEB UE;N CY Lass PHASE DELAY 
GHZ DE DEGREES NANOSEC 

1 . 0000 
1 00032 
1.0065 
1.0097 
1.0189 
1.0161 
1.0194 
1 0226 
1 .OS58 
l.OE91 
1.0383 
1.0355 
1.0387 
1 0420 
1 0458 
1.0484 
1.0516 
1 0549 
1.0581 
1.0613 
1.0646 

0.000 
0001 
-004 
0007 
.009 
-010 . 008 
0005 . 002 . 000 
0001 
0005 
0009 
-009 
004 
-001 
0037 . 200 
0645 
1.553 
3.010 

- -00 
-10.54 
-21.10 
-31 069 
-42 32 
-53.04 
-63.48 
-74.87 
-86.05 
-97.46 
-109.13 
-121 . 10 
-1 33.44 
-146.25 
-159.71 
-1  74. 10 
-189.83 
-207.30 
-226.59 
-246.5R 
-262.85 

9.072 
9.077 
9.094 
9.128 
9.184 
9.868 

9.714 
9.926 
10.167 
10. 449 
10.799 
1 1  -268 
1 1  0935 
12.900 
14.231 
150836 
17.245 
1706.24 
16.481 
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1.2 PROGRAM c132 - SPURIOUS INTERMOWLATION PRODUCTS 

PURPOSE : 

STRUCTURE t 

The program  computes the  input.  frequencies (and 
harmonic frequencies) which, when combined with 
harmonics of the l o c a l   0 8 c i l l a t o r ~  w i l l  produce 
a spurious  response i n  the receiver  output or 
IF network. 

Diode 
L Mixer r 

Input ,, Input . 
Signal F i l t e r  

-IF Output 
A 

Bandpass t Bandpaes 
Local 

Osci l la tor  

INFUT I (Format 7F8.4) 

VARIABLE 
NAME 

FCLO 
FC IF 
BANDIF 
F C I N  
BANDIN 
SEC IN 

Next Card 

VB U S  
RO 
CLOSS 

ALPHA 
PS IC  IN 
VLO 
TESTFW 

CARD 
COLUMNS 

1-8 
9-1 6 
17-24 
25-32 
33-40 
41-40 

1-8 
9-16 
17-24 

25-32 
33-40 
41-48 
49-56 

UNITS pESCRIFTION 

MHz Local  Oscil lator Frequency 
MHz IF Center  Frequency 
MHz Bandwidth of IF F i l te r  MHz Center  Frequency of Input   F i l te r  
MHz Bandwidth .of Input   F i l te r  

Number of Sect ions  in   Input   Fi l ter  
f o r  Maximum F l a t  S k i r t  Se lec t iv i ty  

Vo l t s  Diode Bias Voltage 
OHMS Diode Effective  Resistance 
DB Conversion Loss of  Receiver  Pri- 

l./Volts Diode Exponential  Voltage  Constant 

Volts  Local  Oscillator  Voltage Amplitude 

mary Reeponse 

DBM Assumed Input Power Level 

DB Reject A l l  Frequencies Whose Spur- 
ious Response is Greater Than 
TESTPW DB Down From Input 



Cl32 Continued 

OUTPUT : 

1. Repe t i t i on  of, i npu t  data. 

2. Equivalent   diode leakage c u r r e n t  ( t o  produce  specif ied 

3 .  A table of   input   f requency  ranges  together  wi th  t he i r  

convers ion   loss )  . . 
harmonic  numbers  and t h e  r e su l t i ng   spu r ious   r e sponse  
l e v e l  i n  dBM of the  worst s ingle   f requency .  

I .  

4. Anomer table c o n t a i n i n g ' b a s i c a l l y   t h e  same data rearranged 
i n  o rde r  of power l e v e l  wi th  respect t o   t h e   i n p u t   s i g n a l  i n  
dB. 

METHOD t The range of input   f requencied which will nroduce 
s i g n a l s   i n  t he  pass band of the output  can  be  found 
by repea ted ly   so lv ing   the   fo l lowing   equat ions  for 
various  harmonic  numbers, m and  n. 

m * FCLO I< FCIF -). 
BANDIF 

The power of t h e  o u t p u t   s i g n a l   i n   t h e  IF band is 
computed as fo l lows   fo r   an   i npu t   s igna l  whose 
f r e q u e n c y   s a t i s f i e s . t h e   e q u a t i o n  above and whose 
amplitude has been  reduced  by  input   f i l ter ing:  

where Io is c a l c u l a t e d  from t h e  conversion loss 
a = Alpha 
Im and In are modif ied  Bessel   funct ions o f  

order m and n 

k = SECIN 

LIMITA'FTONS: The equat ions  are val id  approximately  for  :.ow level 
mixing w i t h  t he  input  signal a t  least  10 dl% below 
t h e   l o c a l   o s c i l l a t o r  power. 
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Cl3Z Continued 

MISCELLANEOUS : 

C132 uses Subroutine S133 

Reference? Orloff, L.M.# "Intermodulation  Analysis of Crystal 
Mixers," Proc. o f  the IEEE, February 1964, pp. 173- 
179. 



Sample Problem: 
Cl32 Continued d_a? 

450.0 60.0 1.0 640.0 1600.0 1.0 
0.0 1ec-.o 8.0 14.6 -30.0 0.3 100.0 

SPUI<L 3us 

- 1  
- 1  
- 1  

1 
1 
1 

- 2  
-2 
-2  

2 
2 
2 

- 3  
- 3  

3 
3 - 4 

- 4 
LI 
4 

-5 
- 5  
5 
5 

-6 
-6 

f* 
h 

-7 
' I  

1 
2 
3 

- 1  
-2 
- 3  

1 
8 
3 

- 1  
- 2  
- 3  

1 
2 

- 1  
-2  

1 
2 

- 1  
-8 

1 
2 

- 1  
-2  

1 
2 

- 1  
-2 

1 
- 1  

" 

IiECEPTI 13N 5hEQUENCI ES 

H I  CiH EDGE 
( lv,tiL 
510.5 
255.3 
170.2 
390- 5 
195.3 
130.2 
960.5 
480.3 
320.2 
840.5 
420 3 
280.2 

1410 .5  
'/OS* 3 

1290. s 
645.3 

1660. 5 
930.3 

1  740.5 
d 70.3 

2310.5 
1155.3 
2190.5 
1095.3 
2 7 6 0 . 5  
1380.3 
2640.5 
il 220.3 
' :,io. 5 
3 w o .  5 

.a 



C132 Con tinu ed 
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1.3 PROGRAM C294 - ANALYSIS/OPTIMIZATION 

PUH POSE I T h i s  program provides   for   the  analysis   and  oy. t imi-  
z a t i o n  of cascaded networks of lumped elements,  
d i s t r ibu ted   t ransmiss ion   l ine   e lements ,   and   d iodes ,  

STFlJCTUliE; The program recogn izes   t h i r t een   d i s t i nc t   e l emen t  
strl1ct.rlres awl one Tenera1 purpose user s?trn! i.4 
e l e w n t  s p e c i f i e d  by a use r   supp l i ed   sub rou t ine  
W B 1 .  The s t r u c t u r e s   a r e  l i s t ed  below,  together 
w i t h  t he i r   r equ i r ed   pa rame te r s   and   t ype   i den t i f i ca -  
t i o n  number i n  t h e  requi red   o rder  of entry. All 
dimensions  are   in  pic0 Farads, nano Henries,  Ohms, 
milli Amperes,  and fra.ctiona1  wavelengths  referenced 
t o  a center   f requency i n  Giga-Hertz. A negat ive 
i n i t i a l   v a l u e   f o r  any parameter   value  indicates  that 
t h i s  parameter is t o  be var ied   dur ing   op t imiza t ion  
(Exception:  diode and genera tor  parameters may n o t  
be v a r i e d ) .  

- 205 - 
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0 0 

Series Series 

Data: R,L,C 
Type: 3 

o"---lt--o R L C 
0 0 

0"- I 
" 



c 
I - 

R - KIoX 

Srbroutine SUB1 (A,B,C,D,P,F) 



C294 Continued 

INPUT: (Format 9F8.2) 

V A e  J E  HLE CARD 
” iY AM E COLUMNS UNITS 

F i r s t  Card 

TYPE 1-8 
SUFFER ( 1 ) 9-16 

HUFFEK(7) 57-64 

Second Card 
TYPE 1-8 

F i r q t  Card I d e p t i f i c a t i o n  Number 15.0 
Function  Identlif   ication 
1 . 0 Analyze Network 
2.0, Optimize Network f o r  VSWR 
3.9 Optimize Network for Attenuation 
4.0, Oat imize Network for Phase 

quency 
CHZ Fractional.  Wavel.enqth  Referen‘ca Fre- 

GHZ Frequency Range Start-inp  Frequency 
G W  Frequency Hanpe T,ast Frequency 
GHZ Frequency Range Increment  Frequcncy 

Optjmjzation Tarpet V a l 1 1 e  - if  o p t i -  
mizat ion’is   required.  The rou t ine  
at tempts  t o  modify  the  indicated 
parameters   unt i l   the   response is 
uniformly  near   the  target  value 
across   the  f requency  range.  

Absolute Maximum  Number o f   C i r cu i t  
Modif icat ions  to   be Allowed. 

Generator Card I d e n t i f i c a t i o n  Plumber 
12 .o 

OHMS Generator  Resistance 

i iest  o f  Network C a r d s  i n  Order  Corresponding  to Network Order 

‘r Y PE 1-8 P!ef.work Element I d e n t i f  i ca t ion  rdumber 
PI1 VPER ( 1 9-16 

i~lJFF’FlI ( 7 )  57-64. by Network Element 
t h r u  t h n i  Parameter Cards as dequ .;.red 

Tas t. C a r d  
‘I’Y PF 1-8 Load C a r d  I d e n t i f i c a t i o n  Ilurnber 13.0 
WJFPER ( 1 9-16 OHMS Load Resistance 

OUTFllT : 

1. InDut.  data j s repea ted   in   o rder   input .  

2 .  ‘If the  t a s k  is opt imiza t ion  t h e  program will d i sp lay   t he  r.ew 
values  of  the  parameters  which  were i d e n t i f i e d  as v a r i a b l e s  
and t h e n   i n i t i a t e  an a n a l y s i s  of t h a t  network. 

- 208 - 
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C294 Continued 

OUTPUT: (cont 'd . )  

3 . The VSWR, output  power i n  dB, phase  angle   in   degrees  and 
input  impedance of  the  network  under  consideration is d i s -  
played a t  each  f requency  point   in   the  f requency  range. .  

ME'PHOI): The pro'gram  computes the   equ iva len t   t r ans fe r  ma t r ix  
r ep resen ta t ion  of each   sec t ion  a t  each  frequency 
and   s equen t i a l ly   mu l t ip l i e s  them t o g e t h e r   t o  formu- 
l a t e  t h e   o v e r a l l   t r a n s f e r  mat r ix  of  the  network. 
T h e  i n s e r t i o n  loss, phase, VSWR, and input; imped- 
ance are ca l cu la t ed  from t h i s   o v e r a l l  t ransfer  
matrix. 

Jn  the  opt imizat ion mode, t h e  program optimizes t .he 
c i r c u i t  by  repeated  network  analysis   with new c i r c u i t  
va lues   s e l ec t ed  by a conjugate  <?-adient  pattern  search 
technique. The func t ion   t o   be  minimized i s  the   fou r th  
root   o f  t h e  average  fourth power of  the  deviation  of 
the  response  f rom  the  target   over   the  range o f  f r e -  
qu enc   i e s  . 
When the   s ea rch   t echn ique   f a i l s ,  a l imi t ed  number of 
random sea rches   a r e  employed t o   a t t e m p t   t o  avoid 
l o c a l  minjma. 

l , I r ~ ~ I T A ~ I ' I O ~ ~ ~ ! ? :  'l'he a n a l y s i s  program is l i m i t e d   t o  a maximurr of 100 
s e c t i o n s ,  a t o t a l  of 400 parameters,  and a r?.aximum of  
50 variable   parameters  for t h e  optimizations.  Actual. 
numeric  accuracy is s o l e l y  dependent on rour:d-off 
e r r o r s  i n  t he   ma t r ix   mu l t ip l i ca t ion .  A s  w i t h  virtua1.ly 
a l l  opt imizat ion  problems,   there  i s  practical1.y no 
puarantee t h a t ,  the  minimum found is indeed I h e  global. 
minimum a n d ,   t h e r e f o r e ,   t h e   r e a l   c r i t e r i a  t o  be  applied 
is simply  whether  the  design goals were met,. 

bl ISCELLAr ' iEOUS : 

1:eferences:   Pierre,  Donald A . ,  k t i m i z a t i o n  Theory w i t h  .Applica- 
t ions ,   John  Wiley & Sons, Inc.  New York, 1969,  pp. 
zz=721 . 
Watson, H . A .  , Micrcwave Semiconductor Devices and 
- 'l'heir " Circui t   Appl ica t ions ,  McGraw-Hill, 1969, pp. 
309-313 ,  335-3390 
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Sample Problem: 

A. 

CZg4 Continued 

STOP BAND FILTER EXAMPLE 

ALL LEWCTHS x,/4 
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C294, Continued 



H. 

C294 Continued 

STEPPED IMPEDANCE TRANSFORUZ!? 
EXAMPLE 

CENTER FREQUENCY = 1 GHZ 

BANDWIDTH = 0 . 8 GHZ 



Stepped impedance transformr examplo 

G294 Continued 

data - 

resu l t s  



C294 Continued 

c.  

OPTIMIZATION EXAMPLE 

STEPPED IMPEDANCE TRANSFORMER 

IN IT IAL VALUES FINAL VALUES 

201 1 D 4 5  

202 1.55 
VSWR 1.750 

- 215 - 

1.221 

1 e667 
Nornllized 

1 096 



I 

optimization example - Initialized Circuit 

C294 Continued 

resul ts  

INPIJ? ’  UESC5IPTION OF NEI‘WOPK C13NFI GUHATI  ON 



optimization example - Optinlted .Circuit 

C294 Continued 

- data 
15.0 2.0 1 .o 0 . 7  1.3  0 .1  1-03 11)OO . CI 
12.0 1.0 
9.0 - 1  -45 0.25 
9.0 -1.55 0.25 

15.0 2.0 



C294 Cant inued 

D. 

- 

- 
6.2n 

6.2 

.. .~ 

INDIVIDUAL PHASE SHIFT SECTION 
223 DEGREES SHIFT 

TRANSFORMERS NEEDED' TO MATCH DIODE IMPEDANCE LEVELS 

? 

p4-e3 T 

I 
nH 

b Added 1.0: . n H  !i 
DESIRED mDEL 

IDEAL 
ELEMENTS 

(.001,.88,20. 
I O O . ,  .88,20. 

1.8 nH 

FINAL ANALYSIS 
MODEL 
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Diode phase shifter exrmple - off analysis 
C 2 9 4  Continued 

data - 
15.0  1.0  3.0 8 . 7  3 . 3  0.1 0.0 0 0 
12.0 6.2 
11.0  -001 0 -88 20.0 2.2 1 .H 0. K 0 . cjn 5 

11.0  -001 0 -88 80 00 2.2 1.8 0.8 O.Or,S 
1 3 - 0  6.2 

9.0 6.  E 0.25 

INP[ !T  DEYCEIPTION d F  NETWORK  CONFIGURATION 

SEXT TYPE PA€IAME;TERS 

1 12 6.2000 
2 1 1  -0010  e8800 2.0.0000 

2 2000 1*8000  6000 
3 9  6. 2000 2500 
4 1 1  -0010 S R G O  20 . 0000 

2 0 80C?ii 1 -80OG . nooo 
5 13 6 2000 

8 7000 1.025 - 0 6  H9.lt-3 
2-8000 1 moot? .08 92.99 
2.9000 1 - 0 1  2. eo9 96.9% 
3-0000 1.05'7 -12   101.01  
3 -  1000 1.069 - 1 s  105- 31  
s 2000 1.110 19 109-87  
3 3000 1 - 1 6 3  -26 114- T R  

ERID dF ANALYSIS 



Diode phase shifter example - on analysis 
C294 Continued 

results 

SE.CT TYPE PAI?AMETE;F?S 



C294- Continued 

E. 

2.06 nH a.06 nE 

I P 

1- 
7- 

L 

MODEL 
LEAD INDUCTANCE 

TUNEP OUT BY 
ADDEb SERIES CAPACITOR 
(no effect on .ga p f )  

e, 

ANALYSIS MODEL 

- 221 - 

I 



Diodo irolator oxanple - o f f  rnalyrir 

C294 Continued 

- data 

15.0 1 .o 1.0 0.6 2.6 0.1 0. n 0.0 
12.0 50. 0 

11.0  8001 0.88 20.0 1.5 0.01 0.91 0.r)OS 

13.0 50-0 

3.0 . 000 2 - 0 6  1 .E+C 

3.0 . 000 2.06 1*E+6 

INPUT DESCRIPTION C)F NETWORK C O N F I G U R A T I O N  

SECT T Y P E  PA?AMETEI? 5 

1 1% 50 - 0 G O O  
2 3  .oooo 2.0600 1000000~0000 
3 1 1  .0010 .fit300 50.01)oo 

1 5000 .0100 -9100 
f I  3 0000 2.0600 1000000.0000 
5 13 50 0000 

F'ltEOUENCY R E S P O N S E  

FHEQ UENCY v slrm POWER PHASE 
GHZ m DEGREES 

. 6000 
7000 
K O 0 0  
9 GOO 

1 -0000 
1.1000 
1 2000 
1 * 3000 
1.4000 
1 5000 
1 6000 
1. 7000 
1.8000 
1.9000 
2 0000 
8.1000 
E .8000 
2 . 3000 
2 4000 
2 5000 
8 6000 

1. lJ!3 
1.167 
1 190 
1.212 
1.234 
1.254 
1 271! 
1.291 
1.307 
1.321 
1 . 3 3 3  
1 . 34% 
1 349 
1.353 
1-354 
1 358 
1.346 
1 338 
1-325 
1.310 
1.291 

-02 
-03 
04 
-05 
806 
-07 . 08 
09 
.lo 
8 1 1  
8 1 %  
-13 
-14 
015 . is 
-16 
16 

- 1 7  
a 1 7  
017 
017 

13.83 
16- 13 
18-42 
20.7% 
23.01 
25.31 
57.60 
29.90 
32. 19 
3f! . 50 
36-80 
39-11 
41 043 
43.76 
46. 1 1  
46 0 47 
50.85 
53.25 
55:.6R 
58.9 I3 
60-62 

00 50 

51-14 
51 54 
5% 00 
5% 52 
53.09 
5 3 -  71 
54.37 
55.0c 
55-7E( 
56 5% 
57-27 
5 8 - 0 0  
58 . 7% 
59 3i! 
59 . 99 
60.51 
60.91 

61-29 
61-21 
60.93 

61 18 

6-68 
7.69 
8 - 6 5  
9.56 
10.40 
11.18 
1 1-66 
12.546 
12-95 
13.34 
1\30 60 
1 3 0  74 
13-71! 
15.6cJ 
13-32. 
12-90 
12-35 
11-64 
10.64 
9 -94 
R -96 



C294 Continued 

- data 

15-0 1-0  1-0 0 - 6  2- 6 0 - 2  0.0 0-0 
12.0 50.0 

1 1  -0 100.0 0-88 20-0 1-0 0-5 0-91 
3-0 0.0 2-06 1 - E + 6  

3-0 
0-05 

0-0 2-06 1 eE+6 
1 3 . 0  50.0 

results 

MICRO!.IAVE NETWORK ANALYSIS/OPTIMIZATION 

INPUT  DESCRIPTION OF NETVGRK  CONFIGURATION 

SECT TYPE PARAMETERS 

1 12 50 0000 
2 3  -0000 2-0600 1000000-0000 
3 1 1  100 -0000 -8600 20 0 0000 

1-0000 5000 -9100 
4 3  -0000 2-0600 1000000-0000 
5 13 50-0000 

FFiEClUENCY 
GHZ 

6000 
* H O O G  
1-0000 
1 2000 
1 -4000 
1 -6000 
1 -8000 
2 . uooo 
:: . 2000 
2 4000 
2 6000 

FREQUENCY AESPc)N SE 

vsm PI) WER PHASE 
IjB DEGREEiS 

50-054 
49 495 
48 957 
48-519 
48 24 1 
48- 165 
4 t 3 -  31 3 
43 0 698 
49. 3 2 1  
5 0 -  177 
51 -260 

2 2 - 0 3  
20.20 
18-77 
1 7 -  65 
16-77 
16-08 
15- 5 4  
1 s - 1 2  
14-81 
14-58 
14-41 

-40.71 
-40- 1 1  
-31- 5% 
-33-93 
- 2 9 - 8 7  
-2 5- 60 
- 2  1 - 29 
-17.04 
-12-91 
-8-92 
-5- 1 1  

0500 

I MPErJANCE 
REAL INIAC; 

END ( IF ANALYSIS 
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C294  Continued 

F. 

50R " 

FILTER PROTOTYPE 
ALL LENGTHS Ag0/4 

h 

8' 
SAME FILTER WITH FISHER CAPACITIWLY 

FORESHORTENED STUB 
AND DIODE ATTENUATION EXAMPLE 

Diode Tune Out By 
(.OlnH,.5nH) 

Loading (.001m~,.88,20., 
lOOmA, .88,2a) 

Desired Paning; Capacitor 
Ideal --:--- (Note: In forward bias 2.5pF I s  
Elements - -1"- shorted out and 'indue tor i s  6 tuned out, i n  yeverse bias tuning 

Use actual diode capacitor i s  negligible due to 
capacity to  realize 2.5pP series capeci tor. ) 
loading capacity. 

I " 



15.0 
12.0 

9.0 
11.0 
8 .O 
9.0 

, 0-0 
. 13-0 

8-0 

Diode attenuator example - off analyais 

C294 

1.0 1.0 0-4 1.8  0.1 0.9 
50-  0 
60- 9 0 -  25 
36.2 0-25 
-001 0.88 20.0 1.5 OlOl 2.5 
64-0 0.125 
36.2 0.25 
60.9 0-25 
50-0 

results 

MICROI.IAVE  NETWdIiK ANALYSI  S/OPTIMI%ATION 

INPUT  DESCRIPTION OF NETWORK  CONFIGURATION 

SECT  TYPE  PARAMETERS 

1 1 %  
2 8  
3 9  
4 1 1  

5 8  
6 9  
7 8  
8 13 

50.0000 
60 9000 * % S O 0  
36 2009 2 500 

.0010 -8800  20 0000 
1 5000 .0100 2 5000 

64.0000 1850 
36.2000 -2500 
G O -  9000 02500 
50 0000 

Continued 

0.0 

0.5 

5000 

23.864 
5.799 
1.535 
1.405 
1 730 
1.498 
1 -089 
1.262 
1.459 
1.242 ' 

1 -448 
3.871 

11.746 
33.  169 
91.707 

8.14 - 30 35 
3.03 3.95 
-23 51 e a &  

-16 93-10 
36 124- 34 
-21 153-04 
-05 -177.59 
1 1  -148- 19 
-24 -119.58 . 18 -89 0 56 . 34 -53.54 

2.1% -12.77 
5.75 20 9% 
9.91 !a 4 f ; : 
14.27 61.26 

%.7f< 
17.44 
66.56 
3.5-62 
30 77 
39 58 
SO 49 
43.86 
35-74 
40-31 
63-04 
2s . 7% 
6-14 
1 76 

5n 

213.56 
50.09 
18-59 

- 9 7  
10.2% 
14-81 
4.23 

-9.04 
-7.42 
-1.11 

-16-33 
-51 .04 
-33-09 
-20.5% 
-12.43 



15-0 
12-0  
, R - 0  
9.0 
11-0 

R - O  
. ..g 0 

8.0 
13-0 

1 - 0  1.0 0-4 
50-0 

60.9 0 -  25 
36-2 0-25 
100-0 0-80 20.0 
64- 0 0- 125 
36-2 0 - 2 5  
60-  9 0.25 
50-0  

C 2 9 4  Continued 

1.8 0 .1  0.0 I! 0 

INPII?' ISESCiiI P T I O N  O F  NETWdRK C O N F I   G U R A T I   d N  

SECT TYPE PAFIAMETERS 

1 12 
% R  
3 9  
f! 1 1 

5 8  
6 9  
7 3  
8 13 

FHECiJENCY 
GHZ. 

0 4000 
5000 - 6000 
7000 
R O O 0  
9000 

1 =OOOQ 
1 1000 
1 -2000 
1 3000 
1 4000 
1 - 5000 
1 6000 
1 7 0 0 0  
1 = H 0 0 0  

50 0000 
60 9000 -2500 
36 2000 2 50G 

1 0 0 ~ 0 0 0 0  .RHOO 
1-0000 0 5000 

64-0000 1250 
56 2000 = 2 5 0 0  
60 9000 0 2500 
5 0  0000 

F H E Q U E N C Y   R E S P O N S E  

vsm PO'V!ER PElA SE 
DE( DEGREES 

1 O S . 6 6 3  
83.794 
62 805 
44-844 
31 -628 
24.092 
22-310  
25.833 
33-802 44. 659 
56- 126 
6s  473 
69 699 
65-349  
4 7 - 4 0 8  

29-96 
26995 
5 3 - 6 8  
2 0 - 2 6  
16-96 
14.37 
1 3 - 1 7  
13-50 
1 4 - 7 8  
1 A -  30 
1 7 -  65 
1f3-61 
19-08 
1H-89 
1 7 - 5 1  

- 1 6 - 6 0  
-8.38 

4 - 2 9  
28-63 
4H 1 4 
8 1 - 2 7  

11K.94 
154.90 

-175.4% 
-152 -53  
-134.87 
-120.71 
-7.OH.67 

- 9 7 -  50 
-85-05 

0 500 

1MPE;JjANCE 
REAL INAG 

5 s  1 7 - 2 2  
73 23 .88  

1.15 33.30 
2-17 48 66 
5- 68 80-36 

34.35 194- 3 5  
1 7 0 - 5 6  - 3 9 8 - 8 1  

10 -66  - 1 0 5 - 7 3  
3-47 - 5 8 - 0 1  
1 77 -38.21 
1-15 -26-93 
- 8 H  -19-31 
77 - 13- 5% 
79 - 8 - 6 7  

1-06 -4- 1 G 



SECTION V 

MULTIPLIER DESIGN 

1 . 0 INTRODUCTION 

The design  of  a microwave f r equency   t r i p l e r   p rov ides   an  
o p p o r t u n i t y   t o   i l l u s t r a t e  how the  various  techniques  and 
design  programs  previously  mentioned  can  be  applied  to a 
given t a s k .  A m i c r o s t r i p   t r i p l e r  is  t o  be  designed  to  
t r a n s l a t e  a 1.73 GHz signal i n t o  a 5.2 GHz s igna l   capable  
of a minimum of 1 watt of  output  power. The approach w i l l  
be t o  u s e   t h e   b a s i c   o u t l i n e  f o r  Varactor  Multiplier  Design 
as given by C.  B. Burckhardt*  and as augmented  by the  
synthesis  programs C270 and ~ 2 7 6  and  the  analysis  program 
C294 . 
The network w i l l  c o n s i s t  of  an i n p u t   f i l t e r  and  impedance 
t ransformer,   fol lowed by a shunt   diode,   fol lowed by an 
output   t ransformer , a 2nd harmonic i d l e r ,  and  an  output 
bandpass f i l t e r .  The o u t p u t   f i l t e r  will be a p a r a l l e l  
coupled  microstrip  bandpass f i l t e r  which w i l l  provide t h e  
output  D.C. bias block  and the input  low p a s s   f i l t e r  will 
serve  as an i.mpedance t r ans fo rmer   i n   o rde r   t o  form a more 
compact  design. 

2.0 DIODE CHARACTERISTICS 

The GC-3305 d i o d e  from GHz, Inc. was s e l e c t e d   f o r  t h i s  
appl ica t ion   based  on i ts  high  cutoff  frequency  and  break- 
dowr. v o l t a g e   c h a r a c t e r i s t i c s .  The design w i l l  be  based on 
a shunt   in- l ine  diode  mounting  in  which the  publ ished 
parasi t ic   diode  package  capaci ty  and inductance  are  assumed 
t o  be  the  dominant  packaging  effects.  

Typical  diode  parameters f o r  t h i s   a p p l i c a t i o n   a r e :  

Junct ion  Capaci ty  C 0 -6V = 1.5 pF 
Breakdown Voltage .J = l 0 O V  
Cutoff  Frequency fBR@ -6V = 140 GHz 
Package  Inductance . 8nH 

*Burckhardt, C.B., "Analysis  of  Varactor  Frequency  Multipliers 
- 

f o r  Arbitrary  Capacitance  Variation  and  Drive  Level,"  Bell   Sys- 
tem Technica l   Journa l ,  pp. 675-692, April  1965. 
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2 . 0 DIODE CHMACTERISTICS ( continued) 

Package Inductance 015 PF 
Thermal Resistance 15o~/watt 

3 .O DIODE ANALYSIS 

Using the tables  printed  in  Burckhard-b  the  significant 
design  parameters of the  tripler can be calculated under 
the  assumption of a 1.5 drive  level  and a step recovery 
diode I 

Pmax = 12.5 Watts 

Rload = 4.26 ohms 
Rin = 9 ohms 

€ = 776 efficiency 
c 1  
c2 = 2.78 pF 0 2fo 

Pout = 4.36 Watts c3 
VO = -32.3 Volts 

= 1.88 pF 8 fo 

= 2.08 pF 0 3fo 

The  next step is to calculate  the  effective  diode  impedance 
at each of the  harmonics  by  evaluating  the  diode  model  to- 
gether  with  its  packaging  effects: 

DIODE IMPEDANCE  (including  parasitics) 

1st 2nd 3rd 
Harmonic Harmonic Harmonic 

7.845 6.18 4.18 Ohms 
2.24 6.02 17.04 pF 

4 .O OUTPUT CIRCUIT 

The  third  harmonic  output  circuit  is  composed of a quarter 
wavelength transformer  followbd by a 3 section bandpass 
fi1tlzl.i .-The  lransformer has a  characteristic  impedance  of 
+50+4.2‘ = 14.2 Ohms to  match  the  diode  impedance of 4.16 
Ohms  to an output  impedance of 50 Ohms. 

Using Table I, provided by Program C270, the strip width of 
the  transformer is .334 inches  and  the  total length would 
be ..202 inches,  based on a wavelength at the  3rd  harmonic 
of .807 inches. The outpqt filter was  synthesized  by 
Program C276  and  the  datd  is  listed in Table II. 
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TABLE I 
Table Corputed by Program C270 

TABLE I1 
PARALLEL COUPLED MICROSTRIP FILTER 

5 200 G H Z  CENTER FREQUENCY 600 GHZ BAVDW IDTH 
0050 DH RIPPLE 3 SECTIOYS 
-050 INCH SUBSTRATE 9.600 DIELECTRIC  COYSTANT 

50 .0  OHM MICROSTRIP  INPUT  LIVE OF WIDTH 00498 INCHES 
0 6 1 0  GHZ BANDWIDTH DUE TO PRE-COMPENSATION 

SEC ELEMENT WIDTH GAP LENGTH zoo 20 E 
NUM VALUE INCHES INCHES INCHES OHMS OHMS 

0 1 . 0 0 0 0  -0316 -0103 0226 3 7 . 5 9  8 3 . 3 6  
1 00794 -0456 e 0 3 4 9  0217  42-42 61.05 
2 l o 1 1 3 2  -0956 .03&9 - 2 1 7  42-42 61-05 
3 .a794 003 16 -0103 -226 3 7 - 5 9  83-36 
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5 . 0  IDLER CIRCUIT 

A quarter   wavelength  open  c i rcui ted  s tub is to be  used as 
an i d l e r  c i r c u i t .   I n   o r d e r   t o   o p t i m i z e  t h e  performance of 
the  id le r ,  t he  s t u b  w i l l  be a t t a c h e d   t o  t h e  t ransformer 
l i n e  a t  the   po in t  a t  which t h e  2nd harmonic  diode  capaci- 
tance is tuned  out  . 
The inductance   requi red   to   tune   ou t   the   d iode   capac i ty  a t  
t h e  2nd harmonic is .351 nH. . A shor t   l eng th   o f   t he   t r ans -  
former l i n e  w i l l  approximately  provide t h i s  inductance.  

Hence, t he   s tub  is a t tached  a t  .lo38 inches away from t he  
diode. 

The s t u b   i t s e l f  is t o  be  an 80 ohm l i n e  which,  on  consulting 
t h e   t a b l e  on page 20, becomes a l i n e  of width .0153 inches 
and of length  .348 inches.  

The o u t p u t   c i r c u i t   c a n  now be  analyzed by us ing  t h e  network 
a n a l y s i s   c a p a b i l i t i e s  of Program C 2 9 4  t o  determine i f  t he  
i d l e r   c i r c u i t   s i g n i f i c a n t l y   l o a d s   t h e   3 r d   h a r m o n i c  o u t p u t  
f i l t e r  . 
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The r e s u l t s   o f   t h e   a n a l y s i s  appear i n  Table I11 and .it is 
clear that   the  passband  has s h i f t e d  to a higher  frequency. 
Hence, the   opt imizat ion  capabi l i t ies  OS Program C294 were 
u t i l i z e d   t o   s h i f t   t h e  passband back to 5.2 GHz by adjust ing 
the  output arm of  the  transformer  strip to a new length,  
,1'176 inches.  The resu l t s   o f   th i s   opt imizat ion  appear in 
Table I V .  

TABLE I11 

KICROWAVE NETWORK  ANALYSIS/OPTfMIZATION 

INPUT DESCRIPTION OF NETWORK CONFIGURATION 

SECT TYPE 
1 12 
2 9  
3 6  
4 9  
5 3  
6 13 

FREQ UENC Y 
GHZ 

4 0 5000 
11 6000 
4 7000 
4 0 8000 
r: . 9000 
5-0000 
5. 1000 
5 -2000 
5 3000 
5.4900 
5 . 5 0 0 0  

PARAMETERS 
50 0000 
14.2000 -0405 
80 .OOOO 1250 
14 . 2000 00428 

.oooo 0 .oooo 
4=1800 

FREQUENCY RESPOlVSE 

VSWR POWER PHASE 
DB DEGREES 

4.436 
3 960 
3.535 
3.154 
2.812 
2.505 
2.228 
1.981 
1 . 7 5 9  
1.562 
1.389 

2 022 
1.91 
1.63 
1.36 
1.11 

088 . 68 
50 
34 
02 1 . 12 

44.99 
48.32 
51 -43 
55.14 
58 67  
62.28 
6 5 . 9 9  
69. 7 8  
73 66 
77 . 59 
8 1  058 

17.0400 

IMPEDANCE 
REAL I MAG 

14.03 
16.09 
1 8 - 4 6  
21.21 
24 39 
211.04 
32.15 
36.65 
41 036 
45.97 
50.01 

23.95 
25.09 
26. 14 
27.05 
27.72 
28.02 
27.74 
26.67 
2 4  56 
2 1  19 
16.49 



TABLE IV 

OPTIMIZED CIRCUIT VALUES 

SECT TYPE PARAMETERS 

2 9  14.2000 -0495 

FREQUENCY RESPONSE 

FREQUENCY 
GHZ 

5 0000 
5.1000 
5 2000 
5 3000 
5. 4000 
5 . 5000 

us iJR POWER PHASE 
DB DEGREES 

1.489 0 1 7  79 56 
1.31 6 -08  84.11 
1.189 003 88.65  
1 - 1 5 5  . 02 93.15  
1 -242 a 0 5  97 -56  
1.385 0 1 1  101 a 9 0  

1 MPEDANC E 
REAL I MAG 

6.0 INPUT CIRCUIT 

A t  t h e  input  frequency,  the  output  network  and i d l e r  do 
not   apprec iab ly   load   the   d iode  and t h e   i n p u t   c i r c u i t  may 
be designed  assuming  the  diode as its only  load. 

The f irst  s t e p  is  t o  add a shor t   l eng th  of l i n e   t o   b r i n g  
the   input  impedance t o  a r ea l   va lue .  An inductor   equal  
t o  3.46 nH w i l l  s u f f i c e .  The n e x t   s t e p  is t o  add a 
simple  two-element low pass impedance t r ans fo rmer   t o  
p r o v i d e   i n p u t   f i l t e r i n g  and  impedance  matching as shown 
below. 

Matching  Diode 8 1st 
Low Pass Harmonic 

Q --"-+ =nH -1" ' 
- . I  

. -  4.' i T C m  @ : J  : 
""2 

I I I 
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Having  computed  the  two-element  values L and  C  the  two 
inductors may be  combined  into  one 5.42 bf induptor  and 
the  resulting L-C combination  realized as two short 
lengths of transmission line. The capacitive  line  should 
be low impedance  and 10 ohms  was  selected.  From  Table I, 
the  strip  width  is  found  to  be .5068 inches  and  the  rela- 
tive  dielectric  constant  is 8.23. Conversely,  the  induc- 
tive  line  should  have  high  impedance  and for a 90 ohm  line 
the  table  in  the  example for Program  C270 in Section I1 
shows a strip width of .0104 inches  and a relative  dielec- 
tric  constant of 5.91. 

The  approximate  formulas for the  inductive  and  capacitive 
effects of short line lengths  are shown below: 

Evaluating  these  expressions,  the  length  of  the  capacitive 
line is ,178  inches  and  the  inductive  line  is .292  inches. 
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7 .O MICROSTRIP TRIPLER 
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9.6 Relative  Dielectric  Constant 
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APPENDIX 

L i s t  of Computer Programs and Subprograms 

NUMBER - NAME DESCRIPTION 

s73 S IMQ Finds   so lu t ion  of simultaneous  equations 

s92 ELMENT Computes normalized  element  values  for 

by the Gauss p i v o t a l  method. 

Chebyshev  and  Butterworth  low  pass  proto- 
t y p e   f i l t e r s  . 

s96 NSECTN Computes number of  Chebyshev or   But terworth 
f i l t e r  sec t ions   r equ i r ed  t o  maintain a 
spec i f i ed   a t t enua t ion .  

s97 CBRESP Computes amplitude,  phase,  and  time-delay 
response of Chebyshev f i l t e r  between  half 
power frequencies .  

F98 CBAMP Computes Chebyshev f i l t e r  amplitude  response. 

F99 C B PHAS Computes  Chebyshev f i l t e r  phase  response. 

C l O O  M A I N  Computes the  amplitude,   phase,  and  time- 
RESPONSE delay  response of a Chebyshev bandpass 

f i l t e r  a t  a number of   equal ly   spaced  f re-  
quency  points   between  the  center   f requency 
and t h e  upper 3dB edge. 

s l o g  BSTOP 

s106 DPOLRT 

S107 PMfl 

S108 DTAN 

c115 MAIN 
SPLITTER 

Computes a d m i t t a n c e s   f o r   b a n d s t o p   f i l t e r  
by exact syn thes i s  method. 

Finds  the  double   precis ion  roots   of  a 
polynomial  function. 

Mul t ip l i e s  two double  precision  polynomials 
t oge the r  

Computes double   precis ion  tangent   value.  

Computes t h e  even  and odd mode impedances 
and i s o l a t i o n   r e s i s t o r s  t o  r e a l i z e  a matched 
equiphase pca=cr divider- w i t h  coupled   l ines  
and   in te rmedia te   res i s tors  * 



DESCRIPTION NUMBER NAME 

si16 CONGA 

S i 1 7  FUNCT 

SI18 CPMPY 

s119 PSUB 

S120 FMCG 

s121 

s122 

S123 

S124 

s125 

c132 

SI33 

s2 59 

c260 

DPRQD 

POLR T 

PVAL 

PDER 

s FWPY 

MAIN 
SPURS 

BESSLI 

MSTRIP 

MAIN 
BANDSTOP 

Determines  values   of   isolat ion  res is tors  
by conjugate   gradient   search.  

Evalua tes   f igure   o f   mer i t   fo r   op t imiz ing  
r o u t i n e  by  computing a measure  of how near ly  
t h e   c o e f f i c i e n t s  of two numerator polynom- 
ials match. 

Mul t ip l i e s  two polynomials w i t h  complex 
coe f f i c i en t s   t oge the r .  

Sub t r ac t s  one  polynomial  from  another. 

Finds  the minimum value o f  a nonl inear  junc- 
t i o n  of s e v e r a l   v a r i a b l e s  by conjugate 
gradient   and  pat tern  search  techniques.  

Calcu la tes  the r e a l  and  imaginary  roots o f  
a given  polynomial w i t h  real c o e f f i c i e n t s  
by the   Quot ien t   Di f fe rence  method. 

Finds  the  roots  of a polynomial . 
Evaluates a polynomial a t  a given  argument. 

Finds t h e  der ivat ive  polynomial  of a poly- 
nom i a l  . 
Mul t ip l i e s  two polynomials  together. 

Finds  the  input  frequencies  (and  harmonic 
f requencies )  which, when mixed wi th  the  
harmonics  of a l o c a l   o s c i l l a t o r ,  will pro- 
duce a spurious  output   response.  

Computes values  of  the  modified  Bessel 
funct ion  In(X) by backward recurs ion .  

Computes the  w i d t h  ( inches)   o f  a mic ros t r ip  
l i n e  f o r  a given impedance l e v e l ,   d i e l e c t r i c  
cons tan t ,   and   subs t ra te   he ight ,  

Computes t h e   s e r i e s  and  shunt   microstr ip  
quarter-wave  transmission  line  impedances as 
well as the length  and width  dimensions 
n e c e s s a r y   t o   r e a l i z e  an optimum bandstop 
f i l t e r .  

- 259 - 



NUMBER NAME 

c261 MAIN 
LOW PASS 

DESCRIPTION 

Computes the  lengths   and w i d t h s  f o r  a s e r i e s  
of  cascaded  high  and low  impedance  micro- 
s t r i p  l i n e s  t o   r e a l i z e  Q lumped equivalent  
l o w   p a s s   f i l t e r .  

s262 ZSTRIP 

S264 

S265 

s266 

C267 

c270 

c276 

S277 

S278 

C279 

S280 

C283 

QSF 

SIC I 

M I N I  

MA I N  
MICROSTR I P  

M A I N  
STRIP 
SYNTHESIS 

MA I N  
PARALLEL 

CPLMS 

I N V C  PL 

MA I N  
ENDGAP 

SYNTH 

M A I N  
HYBRID R I N G  

Computes t h e   c h a r a c t e r i s t i c  impedance o f  a 
s i n g l e   m i c r o s t r i p   l i n e  f o r  a g iven   he ight ,  
wid th ,   and   d ie lec t r ic   cons tan t .  

Computes t h e   i n t e g r a l  of a ' f u n c t i o n   s p e c i f i e d  
by a t a b l e  of values  by modified  Simpson  in- 
t eg ra t ion .  

Computes the   va lues  of the  modif ied  s ine and 
cos ine   i n t eg ra l s .  

Computes t h e   d i e l e c t r i c   G r e e n ' s   f u n c t i o n   f o r  
the   case  of  coupled   micros t r ip   l ines .  

Computes t h e   c a p a c i t y ,   c h a r a c t e r i s t i c  imped- 
ance,   phase  velocity and e f f e c t i v e   r e l a t i v e  
d i e l e c t r i c   c o n s t a n t  f o r  coupled o r  s i n g l e  
s t r i p   m i c r o s t r i p   l i n e s .  

Computes t a b l e s  of mic ros t r ip  w i d t h s  and 
e f f e c t i v e   d i e l e c t r i c   c o n s t a n t   f o r  a range 
of  impedances 

Computes the  even  and odd mode impedances 
and  dimensions  of a paral le l   coupled  micro-  
s t r i p  bandpass f i l t e r .  

Computes width  and  spacing  dimensions r c -  
qui red   to   synthes ize  a s p e c i f i e d   p a i r  of 
even  and odd mode impedances. 

Finds  the  width  and gap dimensions  required 
t o   s y n t h e s i z e  a p a i r  of  coupled  microstrip- 
l i n e s   w i t h  a g iven   coupl ing   coef f ic ien t .  

Computes the   gap   susceptances   and   f i l t e r  
dimensions  needed t o   r e a l i z e   a n  end  coupled 
bandpass' f i l t e r .  

F inds   spac ing   r equ i r ed   t o   r ea l i ze  a given 
gap susceptance.  

Displays  the  physical   dimensions of a micro- 
s t r i p   h y b r i d   r i n g .  
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NUMBER  NAME D E S C R I P T I O N  

S284 R I N G  Computes the  physical   dimensions  of a micro- 
s t r i p   h y b r i d   r i n g .  

C288 MAIN Computes t h e  dimensions  of a mic ros t r ip  
CIRCULATOR f e r r i t e   c i r cu la to r ,   t oge the r   w i th   ma tch ing  

transformers  and magnetic f ie lds  s t rength .  

C289 MAIN Computes the  impedances  and widths  of  micro- 
TRANSFORMER s t r i p   q u a r t e r  wave l i nes  needed t o  transform 

from  one impedance l e v e l  t o  another   over  a 
band of f requencies ,   inc luding  the e f f e c t s  of 
j unc t ion   d i scon t inu i t i e s .  

Computes the lumped capacitances  and  shunt 
inductances  needed  to rea l ize  a high pass  
f i l t e r  and converts  the inductors   into  equal  
l eng th   sho r t ed   s tubs   o f   va ry ing  impedances. 

c290 MAIN 
H I G H   P A S S  

C29l MAIN 
C OU PLER 

s292 RROOTS 

S293 POLMPY 

C294 M A I N  
OPTANAL 

S295  EVAL 

s296 GRDNT 

S297 RESPON 

Computes the  even  and odd mode impedances 
needed t o   r e a l i z e   a n  asymmetrical d i r e c t i o n a l  
coupler  and  the  microstrip  dimensions of the  
r e s u l t i n g   s t r u c t u r e .  

Computes t h e   q u a d r a t i c   r o o t   f a c t o r s   f o r  a 
Chebyshev re f lec t ion   coef f ic ien*   magni tude  
func t ion .  

Reconstructs a r e f l e c t i o n   c o e f f i - r i e n t  poly-  
nomial by mul t ip l i ca t ion   o f   quadra t i c   roo t  
f a c t o r s .  

Analyzes  and  optimizes  cascaded  networks  of 
lumped e lements ,   d i s t r ibu ted   t ransmiss ion  
l i n e s ,  and  diodes  displaying t h e  network's 
i n se r t ion   l o s s ,   phase ,  VSWR , and  input 
impedance as a function  of  frequency. 

Computes t h e   f i g u r e  of mer i t   used   to   de te r -  
mine t h e   q u a l i t y  of a network  design  for 
optimization  purposes.  

Computes t h e  g r a d i e n t  of the f i g u r e  of  Merit 
f u n c t i o n   i n   o r d e r   t o   p o i n t   t o  a b e t t e r   n e t -  
work design. 

Computes the   i n se r t ion   l o s s ,   phase ,   i npu t  
impedance,  and VSWR of  the  given  network 
conf igura t ion  a t  a par t icu lar   f requency .  
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NUMBER - NAME 

S298 SUB1 

S299 OPT 

~ 3 0 0  TTAN 

~ 3 0 1  RANF 

DESCR IPT'ION 

Es tab l i shes  dummy rout ine   to   be   rep laced  by 
use r   supp l i ed   rou t ine ,  t o  a l low  the   u se r   t o  
include  network  elements of any t ype   i n   t he  
program. 

, .  

Varies   selected  network  parameters   unt i l  
network  response  agrees w i t h  des i red   re -  
s p o n s e   o r   u n t i l  no f u r t h e r  movement toward 
be t te r   agreement  is ava i l ab le .  

.. 1 

Computes the  tangent  of any  angle  including 
mult iples  of 90 degrees wi thout   e r ror .  

Computes  random  numbers i n  t h e  range 0 .O t o  
1.0 (un i fo rmly   d i s t r ibu ted ) .  T h i s  rou t ine  
ca l l s  a b u i l t - i n   f u n c t i o n   c a l l e d  RANDOM and 
a subs t i t u t e   rou t ine   shou ld  be c a l l e d  i f  
RANDOM is no t   ava i l ab le .  

.I 
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